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x: Hiatal Hernia 
x: Maalox’ 


Maalox’ relieves the symptoms of hiatal 
hernia by neutralizing gastric hyperacidity. It 
doesn’t constipate. And its taste is pleasant, 
nonfatiguing—all important considerations 
in the treatment of a long-term condition 
like hiatal hernia. 

In short, Maalox is the kind of antacid 
that makes symptomatic relief of hiatal 
hernia as decisive as its diagnosis. 


Maalox Suspension 


(Magnesia and Alumina Oral Suspension, Rorer) 
(5 fI. oz. [plastic bottle] and 12 fl. AF 


Maalox No.1 Tablets (044m) 


—no sugar and low in sodium. 


Maalox’ No. 2 Tablets 0am) 


—the “chew” tablet with double antacid action. 
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,Maalox è 


. (Magnesia and Alumina Oral Suspension, Rorer) 


ié number one antacid 


R i WILLIAM H. RORER, INC. 
Fort Washington, Pa. 19034 
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Microbicidal power 
of BETADINE SURGICAL 
SCRUB was used in Aoa a 
11/12/14 Splashdowns `“ 


Prep wit 
Surgical Scrub/Solution/Aerost 


Golden microbicidal lather of BETADINE SURGICAL SCRUB ) 
for optimal preoperative skin degerming— Selected by NASA 

for decontamination procedures in Apollo 11/12/14 

Splashdowns, BETADINE SURGICAL SCRUB offers unique i 
advantages for preoperative degerming of the skin of your "m 
patients. It kills bacteria (both gram-positive and gram- Lig 
negative), fungi, viruses, protozoa and yeasts. It is fully micro- ii, 
bicidal with each application —there is no waiting fora DANS. 
gradual antibacterial buildup. EA 


T 





Enhance antisepsis with BETADINE SOLUTION or BETADINE 
AEROSOL SPRAY — After prepping the operative site with BETADINE 
SURGICAL SCRUB, paint with BETADINE SOLUTION or spray with 

BETADINE AEROSOL SPRAY. Both are fully microbicidal, film-forming, 
exert longer microbicidal action than iodine tincture, and maintain g 
microbicidal action in the presence of blood, pus, serum or necrotic 
tissue. The site of application can be bandaged or taped. 


To help prevent postoperative infection—Reapply BETADINE 
SOLUTION or BETADINE AEROSOL SPRAY after suturing 

and during redressing. BETADINE microbicides are virtually 
nonirritating and do not stain skin or natural fabrics. In the rare 
instance of local irritation or sẹnsitivity to BETADINE SURGICAL 
SCRUB, discontinue use in the individual. 
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- Anew analgesic formulation 


) containing two agents: 


e Darvon-N” 
propoxyphene napsylate 


and 


e Acetaminophen 
an antipyretic-analgesic 


e Indicated for the relief of mild 


to moderate pain, either when pain 


is present alone or when itis 
accompanied by fever 


Description: Each tablet of Darvocet-N™ (propoxyphene 
napsylate with acetaminophen, Lilly) contains 50 mg. pro- 
poxyphene napsylate and 325 mg. acetaminophen. 


Actions: Propoxyphene napsylate is a mild analgesic struc- 
turally related to the narcotic analgesic methadone. Though 
propoxyphene's general pharmacologic properties are those 
of the narcotics as a group, it does not compare with them in 
analgesic potency. 

Darvocet-N also contains the non-narcotic antipyretic-anal- 
gesic acetaminophen. 


Indication: Darvocet-N is indicated for the relief of mild to 
modercte pain, either when pain is present alone or when it 
is accompanied by fever. 


Contraindications: Hypersensitivity to propoxyphene or to 
acetaminophen. 


Warnings: Drug Dependence—Propoxyphene can produce 
drug dependence characterized by psychic dependence and, 
less frequently, physical dependence and tolerance. Propoxy- 
phene will only partially suppress the withdrawal syndrome 
in individuals physically dependent on morphine or other 
narcotics. The abuse liability of propoxyphene is qualita- 
tively similar to that of codeine although quantitatively less, 
and propoxyphene should be prescribed with the same degree 
of caution appropriate tothe use of codeine. 

Usage in Ambulatory Patients —Propoxyphene may impair 
the mental and/or physical abilities required for the per- 


Additional information available to the profession on request. 
Eli Lilly and Company, Indianapolis, Indiana 46206 





Usual dosage: 
2 tablets q. 4h. 
p.r.n. for pain 





formance of potentially hazardous tasks, such as driving a 
car or operating machinery. The patient should be cautioned 
accordingly. 

Usage in Pregnancy—Safe use in pregnancy has not been 
established relative to possible adverse effects on fetal de- 
velopment. Therefore, propoxyphene should not be used in 
pregnant women unless, in the judgment of the physician, 
the potential benefits outweigh the possible hazards. 

Usage in Children—Propoxyphene is not recommended for 
use in children, because documented clinical experience has 
been insufficient to establish safety and a suitable dosage 
regimen in the pediatric age group. 


Precautions: Confusion, anxiety, and tremors have been 
reported in a few patients receiving propoxyphene concomi- 
tantly with orphenadrine. The central-nervous-system de- 
pressant effect of propoxyphene may be additive with that 
of other C.N.S. depressants. 


Adverse Reactions: The most frequent adverse reactions are 
dizziness, sedation, nausea, and vomiting. These effects 
seem to be more prominent in ambulatory than in nonambp- 
latory patients, and some of these adverse reactions -may 
be alleviated if the patient lies down. 

Other adverse reactions include constipation, abdominal 
pain, skin rashes, lightheadedness, headache, weakness, 
euphoria, dysphoria, and minor visual disturbances. 

The chronic ingestion of propoxyphene in doses exceeding 


800 mg. per day has caused toxic psychosis and convulsions. 
[111472] 
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Naturally, an imitation does not 
Synthetic chemicals often lack some vital 
inthe natural medicinal. 

Take SENOKOT Tablets/ Granules, 









So when the situation calls for a gen 
effective laxative, why not make the natural choice 
SENOKOT Tablets or SENOKOT Granules. | 

3 Supplied: SENOKOT Tablets (small, easy-to-swallow}- 
- —Bottles of 50 and 100. SENOKOT Granules (delicious, 
cocoa-flavored) — 4, 8 and 16 ounce (1 Ib.) canisters. 
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1 t rauma of harsh cathartics) 


A 900-patient study* has demonstrated that 
bowel cleansing with a combination of Laxsil® and 
orange juice, unlike purging with harsh cathartics, 
results in “...a non-irritating watery stool... with- 
out electrolyte, protein or excessive fluid loss.’ 

Evaluations of rectal smears taken from each 
of the 900 patients to determine evidence of mucosal 
trauma showed that 99% had a “good” to “excel- 
lent” response. The study showed that while the 
magnesium hydroxide component of Laxsil pro- 
vided gentle evacuation of solids, the inclusion of 
the simethicone in the formula overcame the visual 
distortion normally caused by entrapped gas. 
Simethicone also prevented adherence of stool par- 
ticles to the bowel wall, eliminating the need for 
cleansing enemas. 

For non-injurious evacuation of the G.I. tract, 
and to avoid visual distortion caused by entrapped 
gas and adhesion of stool particles to the bowel 
wall, Laxsil with orange juice is clearly an improved 
method of preparing the G.I. tract for roentgenog- 
raphy. 


Marks, M. M. and Mason, W. E.: Improved Methods of Preparing the 
Gastrointestinal Tract for Roentgenography. Abdominal Surgery, 14:170 
Sept. 1972. 


an improved method of 
evacuating stool and gas 


Laxsil cuie 


Each tablespoon (15 ml.) contains 1.25 gm. magnesium hydroxid 
N.F. and 100 mg. alee simethicone in a pleasantly flavore: i: 
ie liquid suspension. Available in 8 fl. oz. bottles. 
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2 to 4 mg. every four hours ... to 
alleviate moderate to severe pain... 
well tolerated . .. minimal sedation 


CONTRAINDICATIONS: Intracranial lesions associated with increased intracranial 
pressure, status asthmaticus. WARNINGS: May be habit forming. If given intravenously, 
injection should be given very slowly. PRECAUTIONS: Usual precautions for admini- 
stration of opiate analgesics should be observed; the possibility of respiratory 
depression should be kept in mind. If significant respiratory depression should occur, 
it may be antagonized by the use of nalorphine hydrochloride or levallorphan tartrate. 
ADVERSE REACTIONS: Nausea, vomiting, dizziness, somnolence, anorexia and consti- 
pation may occur. Rapid intravenous injection increases the possibility of hypotension 
and respiratory depression. HOW SUPPLIED: Tablets —1 mg., 2 mg., 3 mg., 4 mg. 
Rectal Suppositories — 3 mg. in cocoa butter base. Ampules — 1 ml., 1 mg., 2 mg., 
3 mg., and 4 mg. per mi. with 0.2% sodium citrate, 0.2% citric acid solution. Cough 
Syrup — 1 mg. Dilaudid hydrochloride and 100 mg. glyceryl guaiacolate per 5 ml. 


A Schedule II (@) narcotic. Requires Federal BND order form. 


Dilaudid 
(hydromorphone) — 


KNOLL PHARMACEUTICAL COMPANY . WHIPPANY, NEW JERSEY 07981 
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The ANNALS OF SURGERY considers for publica- 
tion original articles only, papers which offer sig- 
nificant contributions to the advancement of sur- 
gical knowledge. 


CONTRIBUTIONS. Original typed manuscripts 
and illustrations, plus three copies and 3 sets of 
illustrations, exchanges and book reviews should 
be forwarded prepaid, at the author's risk, to the 
Chairman of the Editorial Board of the ANNALS 


OF SURGERY: 


Jonathan E. Rhoads, M.D. 
1000 Ravdin Institute, 3400 Spruce St. 
Philadelphia, Pa. 19104 


Manuscripts, as well as list of references, should 
be typed double spaced on one side of the paper, 
leaving wide margins. While every effort will be 
made to guard against loss, it is advised that au- 
thors fefain copies of manuscripts submitted. The 
complete address for reprint requests should be 
included in the title page. All pages should be 
numbered. 


Digits one to ten should be spelled out, ex- 
cept when used for units of measurement (time, 
weight, volume, dosage, degrees) percentage, or 
when decimals are involved: for numbers above 
ten, numerals should be used. Dorland’s Medical 
Dictionary and Websters International Diction- 
ary may be used as standard references. Scientific 
names for drugs should be used when possible. 
Copyright or ade names of drugs should be cap- 
italized. Units of measurement, dosage, 
should be expressed in the metric system. Tem- 
perature should be expressed in degrees centi- 
grade. Contributions in a foreign language, when 
accepted, will be translated and published in 


English. 


Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon the 
number supplied. Colored illustrations will be 
published at the author's expense. Black and 
white photographs should be in the form of glossy 
prints. Line and wash drawings should be ‘black 
_on white paper, with lettering in black india ink, 
large enough to be readable after necessar y re- 


e.g., 


Notice to Contributors and Subscribers 


duction. Large or bulky illustrations should be ac- 
companied by smaller glossy reproductions of the 
same, to facilitate their circulation among the re- 
viewing members of the editorial board. Illustra- 
tions should be numbered, the tops indicated, and 
the authors name and the title of the article in 
brief appear on the back. A separate typewritten 
sheet of legends for the illustrations should be 


supplied. 


A bibliography of numbered references in al- 
phabetical order should appear at the end of the 
manuscript with corresponding numbering in the 
text. Bibliographies should conform to the style 
of the Index Medicus with the exception that the 
last page number should be omitted, viz: author’s 
name, title of article, name of journal, volume 
number, first page mamber. and year of publica- 
tion in the order named. 


PUBLISHERS NOTICES 


CHANGE OF ApprEss: Please allow 60 days be- 
fore date of issue for change of address. Notifica- 
tion should include the old as well as the new 
address, with indication of whether the change is 
temporary or permanent. Please give the name of 
the journal. 


Copies will not be replaced without charge 
unless we receive a request within 60 days of the 
mailing in the U. S. or within 90 days in all other 
countries. 


BUSINESS ADDRESS: Subscriptions, reprints, ad- 
vertising, and all business communications should 
be addressed to: 


ANNALS OF SURGERY 


B. Lippincott Co. 
East Washington Square 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates $20.00 
per year in the U. S., its possessions and Canada. 
All other countries $23.00. All prices include post- 
age. Single issues $3.00. Rate for Residents, U. S. 
only, $14.00. 


The publishers accept no responsibility for 
opinions expressed by contributors. 
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Compare Parke-Davis Elastic Support 


Hosiery with another brand—one you may now 


be recommending. See for yourself why ours 
best provides these important advantages. 


1. True, controlled graduated compression 


means greater support at the foot and 
ankle, and gradually less support higher up 
the leg. Ours obviously provides this feature. 


2. Two-way stretch is woven into the 
hosiery from bottom to top. So there’s no 
need for a tourniquet-like band at the top to 
help keep the hosiery up. Ours obviously 
provides this feature. 


3. Medically-correct design matches the 
needs of the patient with vascular disease of 
the lower extremities. Ours obviously 
provides this feature. 


Result: our support hosiery does what 
support hosiery should do. It helps prevent 
edema. Minimizes venous pooling of blood. 
Helps reduce the leg pain associated with 


varicosities. 


very Serious 
reasons. 








Incidentally, Parke-Davis 
Elastic Support Hosiery is made for 
women, too. Panty hose included. 
A complete range of sizes and 
sheerness. Better looking 
than men’ hosiery—but still 
medically correct. 

Seriously, isn’t that beautiful? 


PARKE-DAVIS : 
ELASTIC SUPPORT HOSIER' 


They look funny- 
until you 
put them on. 
Parke, Davis & Company ¢ Detroit, Michigan 48232 
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Talwin 


(as lactate) 


growing 


When circumstances call 
for a potent analgesic, 
vulnerability to the 
depressant effects 
(circulatory, respiratory, 
urinary ) of narcotics may 
be increased: 
in patients with 
e chronic illness 
e advanced age 
e chronic obstructive 
lung disease 
e pleural effusion 
e cirrhosis 
e myocardial 
infarction 
e prostatic 
hypertrophy 


in patients who have had 


e general anesthesia 

e considerable 
blood loss 

e muscle relaxants 
for surgery 


„and in many other 
patients 


when depression of 
respiration, circulation, 
or urinary retention 
should be minimized. 


Talwin® provides analgesic 
efficacy comparable to that 

of morphine and meperidine, 

but with fewer significant 

adverse effects: 


Compared to morphine, Talwin 
causes less severe respiratory 

depression, hypotension, urinary 

retention, constipation. 


Talwin is less likely to cause 
nausea, vomiting, diaphoresis 
than meperidine. 


Tolerance to analgesic effect has 
not been reported. 


Not subject to narcotic controls. 


See next page for a discussion of 
warnings, precautions, adverse 
reactions and other Prescribing 
Information. 


Injectable 


Talwin 


Brand o 


pentazocineN 


(as lactate) 





in moderate 
to severe pain 





Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Available in 
30mg., 45 mg., and 60mg. 
strengths: 


little, if any, increase in incidence or 
severity of adverse reactions reported 
with increased doses of 45mg. or 60mg. 





Indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and as 
a supplement to surgical anesthesia. 
Contraindications: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Head Injury and Increased Intra- 
cranial Pressure. The respiratory depressant 
effects of Talwin and its potential for elevat- 
ing cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head 
injury, other intracranial lesions, or a preex- 
isting increase in intracranial pressure. Fur- 
_ thermore, Talwin can produce effects which 
may obscure the clinical course of patients 
with head injuries. In such patients, Talwin 
must be used with extreme caution and only 
if its use is deemed essential. 
Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other 
than those that occur with commonly used 
analgesics. Talwin should be used with cau- 
tion in women delivering premature infants. 
Drug Dependence. Special care should be ex- 
ercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should 
be closely supervised when long-term therapy 
is contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, 
rarely, in patients without such a history. Ab- 
rupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, dis- 
continuance has been accomplished with mini- 
mal difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, 
reinstitution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient's symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 
In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-admin- 
istered, the physician should take precautions 
to avoid increases in dose and frequency of 
injection by the patient and to prevent the use 
of the drug in anticipation of pain rather than 
for the relief of pain. 
Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Acute CNS Manifestations. Patients receiving 


therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of 
hours. The mechanism of this reaction is not 
known. Such patients should be very closely 
observed and vital signs checked. If the drug 
is reinstituted it should be done with caution 
since the acute CNS manifestations may recur. 
Usage in Children. Because clinical experi- 
ence in children under twelve years of age is 
limited, the use of Talwin in this age group is 
not recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, 
ambulatory patients should be warned not to 
operate machinery, drive cars, or unneces- 
sarily expose themselves to hazards. 
Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be tne result of 
decreased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of 
the biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
receiving narcotics have experienced mild 
withdrawal symptoms after receiving Talwin. 
CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few 
such patients in association with the use of 
Talwin although no cause and effect relation- 
ship has been established. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic includ- 
ing local: diaphoresis, sting on injection, 
flushed skin including plethora, dermatitis in- 
cluding pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 


mic: blurred vision, nystagmus, diplopia, mio- 
sis; other: tachycardia, soft tissue induration, 
nodules, cutaneous depression, and ulceration 
(sloughing) at the injection site, weakness or 
faintness, chills, moderate transient eosino- 
philia, allergic reactions including edema of 
the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess of 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
360 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administra- 
tion is preferable to subcutaneous. In addition, 
constant rotation of injection sites (e.g., the 
upper outer quadrants of the buttocks, mid- 
lateral aspects of the thighs, and the deltoid 
areas) is recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clini- 
cal experience in children under twelve years 
of age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates be- 
Cause precipitation will occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan 
are not effective antidotes for respiratory de- 
pression due to overdosage or unusual sensi- 
tivity to Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is a spe- 
cific and effective antagonist. If naloxone is 
not available, parenteral administration of the 
analeptic, methylphenidate (Ritalin®), may be 
of value if respiratory depression occurs. 
Talwin is not subject to narcotic controls. 
How Supplied: Ampuls of 1 ml. (30 mg.) and 
1% ml. (45 mg.) in boxes of 10, 25, and 100. 
Ampuls of 2 mi (60 mg.) in boxes of 25 and 
100. Each 1 ml. contains Talwin (brand of pen- 
tazocine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for in- 
jection. 

Multiple dose vials of 10 ml., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
, placed by nitrogen gas. 


| Winthrop Laboratories, New York, N.Y. 10016 
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Does the 


À proteolytic enzyme tablet 
« you prescribe 


contain 100% chymotrypsin? 


Only if it’s Avazyme” or Avazyme®-100! And it can make a difference 


After 30 minutes in human intestinal juice “63% 
of chymotryspin was still enzymatically active, 
whereas only 8% of the original trypsin activity 
could be detected.” 

So if you're not getting the results you want from 


AVAZY ME®: Each yellow tablet contains 20 mg. of crystal- 
line chymotrypsin equivalent in proteolytic activity to 50,000 
Wampole units (20,000 N.F. Units). The tablets have a special 
enteric coat to insure release in the intestine. 


INDICATIONS 


Based on a review of this drug by the National Academy of 
Sciences — National Research Council and/or other informa- 
tion, FDA has classified the indications as follows: 

“Possibly” effective: Relief of symptoms related to episi- 


otomy. 

Lack of substantial evidence of effectiveness: Adjunctive 
therapy for the resolution of inflammation and edema result- 
ing from serious accidental trauma or surgical trauma. 

Final classification of the less-than-effective indications re- 
quires further investigation. 


ACTION: The experimental evidence for the anti-inflamma- 
tory action of chymotrypsin and other orally administered 
anti-inflammatory enzymes is based on animal studies. 





oral proteolytic enzymes, try the only all-chymo- 
trypsin tablet. AVAZYME® (crystalline chymotryp- 
sin—20 mg. )and double-strength AVAZYME®-100 
(crystalline chymotrypsin — 40 mg.). 

1. Wohlman, A. et al: Proc. Soc. Exp. Biol. & Med., 109: 26, 1962. 


CONTRAINDICATIONS: This drug is contraindicated in 
patients with a history of a prior allergic reaction to chymo- 
trypsin. 

WARNING: USE IN PREGNANCY — Safe use of this drug 
during pregnancy has not been established. 

ADVERSE REACTIONS: An occasional patient may expe- 
rience nausea, vomiting, diarrhea, and skin rash. 

DOSAGE AND ADMINISTRATION: In mild conditions, 
one tablet four times daily. For more severe conditions, two 
tablets four times daily. There are no known incompatibilities 

DISCUSSION OF CLINICAL USE: Controlled clinical 
studies have demonstrated the anti-inflammatory action of 
Avazyme (Crystalline Chymotrypsin) in cases of urologic 
surgery, episiotomy, and surgery of the head and neck. Cor- 
roborative evidence in support of the clinical efficacy has been 
obtained upon treatment of inflammatory conditions resulting 
from surgical and accidental trauma. 

ALSO AVAILABLE: AVAZYME®-100. White tablets 
containing crystalline chymotrypsin equivalent in proteolytic- 
activity to 100,000 Wampole Units (approximately 40 mg. )e 


WAMPOLE LABORATORIES, Div. Denver Chemical Mfg. Co., Stamford, Ct. 06904 + In Canada: Denver Laboratories (Canada) Ltd., Toronto 
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Inj ectable Valium benefits 
1azepam . 2 
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can be relieved with 10 mg of Injectable Valium (diazepam) LM. 


Injectable Valium (diazepam) is a useful 
premedicant for reducing undue anxiety. 
Recall of preoperative procedures is markedly 
diminished. When given in conjunction with 
narcotics, a reduction of narcotic dosage should 
be considered. (See prescribing information.) 
Injectable Valium should not be mixed with 
other drugs, solutions, or fluids. The new 10-mg 
disposable syringe can help you observe this 
precaution at the same time it helps assure 
aseptic handling. Injectable Valium seldom 
significantly alters vital signs. Nevertheless, 
there have been infrequent reports of 
hypotension and rare reports of apnea and 
cardiac arrest, usually following I.V. 
administration. Resuscitative facilities should 
be available. 

To relieve excessive preoperative anxiety, 
remember Injectable Valium (5 mg/ml) 2-ml 
ampuls,10-ml] vials, 2-ml Tel-E-Ject’" (disposable 
syringes). 





dmi recall of the preoperative procedure. 


? 


» 





every step of the way. 


ps Please see the following page for a summary of product information. 


= Tnjectable Valium diazepam) 


e 


ready-to-use2ml Tel-EJect (disposable syringes) 


10-ml vials 
2-ml ampuls 


(5 mg/m l) 


Can ease undue preoperative tension and anxiety. 

| Calming effect is usually prompt and pronounced. 
Induces satisfactory or light sleep, from which patient is easily aroused to follow instructions. 

Rarely produces significant changes in vital signs. 


_ Before prescribing, please con- 
sult complete product information, a 
summary of which follows: 


Indications: Tension and anxiety 


states; somatic complaints which are 
concomitants of emotional factors; 
psychoneurotic states manifested by 
tension, anxiety, apprehension, fa- 
tigue, depressive symptoms or agita- 
tion; symptomatic relief of acute 
agitation, tremor, delirium tremens 
and hallucinosis due to acute alcohol 


_withdrawal; adjunctively in: relief of 


skeletal muscle spasm due to reflex 
spasm to local pathology; spasticity 
caused by upper motor neuron dis- 
orders; athetosis; stiff-man syn- 
drome; tetanus; status epilepticus 
and severe recurrent seizures; 
anxiety prior to gastroscopy, esoph- 
agoscopy, and surgical procedures; 
cardioversion (I.V.). 

ontraindicated: In infants; in 
patients. with known hypersensi- 
tivity to the drug; in acute narrow 
angle glaucoma; may be used in 
patients with open angle glaucoma 
receiving appropriate therapy. 

Warnings: Inject I.V. slowly, 

directly into vein; take at least one 
minute for each 5 mg (1 ml) given. 
Do not mix or dilute with other solu- 
tions or drugs. Do not add to I.V. 
fluids. Rare reports of apnea or car- 
diac arrest noted, usually following 
I.V. administration, especially in 
elderly or very ill and those with 
limited pulmonary reserve; duration 
is brief; resuscitative facilities 
should be available. Not recom- 
mended as sole treatment for psy- 


chotic or severely depressed patients. 


Should not be administered to pa- 
tients in shock, coma, acute alco- 
holic intoxication with depression 
of vital signs. Caution against haz- 
ardous occupations requiring com- 
plete mental alertness. Advise 
‘against simultaneous ingestion of 
alcoho] and other CNS depressants. 
Withdrawal symptoms (similar to 


_ those with barbiturates and alcohol) 


have occurred following abrupt dis- 


Can reduce recall of procedure. 


continuance (convulsions, tremor, 
abdominal and muscle cramps, vom- 
iting and sweating). Keep addiction- 
prone individuals under careful 
surveillance because of their predis- 
position to habituation and depen- 
dence. In pregnancy, lactation or 
women of childbearing age, weigh 
potential benefit against possible 
hazard to mother and child. 
Precautions: If combined with 
other psychotropices or anticonvul- 
sants, carefully consider individual 
pharmacologic effects — particularly 
with knewn compounds which may 
potentiate action of Valium, such as 
phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other 
antidepressants. Usual precautions 
indicated in patients severely de- 
pressed, or with latent depression, 
or with suicidal tendencies. Observe 
usual precautions in impaired renal 
or hepatic function. Not recom- 
mended for bronchoscopy, laryngos- 
copy, obstetrical use, or in diagnostic 
procedures other than gastroscopy 
and esophagoscopy. Laryngospasm 
and increased cough reflex are pos- 
sible during gastroscopy; necessary 
countermeasures should be available. 
Hypotension or muscular weakness 
possible, particularly when used 
with narcotics, barbiturates or al- 
cohol. Since effect with narcotics 
may be additive, appropriate reduc- 
tion in narcotic dosage is possible. 
Use lower doses (2 to 5 mg) for elderly 
and debilitated. Safety and efficacy 
in children under 12 not established. 
Side Effects: Drowsiness, fa- 
tigue, ataxia, confusion, depression, 
constipation, dysarthria, diplopia, 
headache, hypoactivity, hiccups, 
hypotensian, incontinence, jaundice, 
nausea, changes in libido, changes 
in salivation, phlebitis at injection 
site, urinary retention, skin rash, 
syncope, slurred speech, urticaria, 
tremor, vertigo, blurred vision. Para- 
doxical reactions such as acute 
hyperexcited states, anxiety, hallu- 
cinations, increased muscle spas- 


ticity, insomnia, rage, sleep dis- 
turbances and stimulation have been 
reported; should these occur, use of 
the drug should be discontinued. 
Isolated reports of neutropenia, 
jaundice; periodic blood counts and 
liver function tests advisable during 
long-term therapy. Minor EEG 
changes, usually low-voltage fast 
activity, of no known significance. 

Dosage: Usual initial adult 
dose is 2 to 10 mg I.M. or I.V; `. 
depending on indication for use. 
Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or 
debilitated patients and when seda- 
tive drugs are added. (See Precau- 
tions and Adverse Reactions.) In 
gastroscopy and esophagoscopy, 

5 to 10 mg, I.M. or I.V., 30 min. prior 
to procedure. As preoperative medi- 
cation, 10 mg, I.M., 1 to 2 hours 
before surgery. In cardioversion, 

5 to 15 mg, I.V., within 5 to 10 min. 
prior to procedure. Give I.V. injec- 
tions slowly; take at least 1 minute 
for each 5 mg (1 ml). ; 

In acute conditions, injection 
may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is 
usually satisfactory; not more than 
30 mg should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be - 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium® (diazepam) 
Ampuls, 2 ml, boxes of 10; Vials, 10 
ml, boxes of 1; Tel-E-Ject™ (dispos- 
able syringes), 2 ml, boxes of 10. Each 
ml contains 5 mg diazepam, com- 
pounded with 40% propylene glycol, 
10% ethyl alcohol, 5% sodium benzo- 
ate and benzoic acid as buffers, and 
1.5% benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


$ Send her home withan APC/narcotic 


? 


that doesnt contain codeine 


Percodan does what you want an APC / INDICATIONS: For the relief of moderate to moderately severe pain. 

> 3 > CONTRAINDICATIONS: Hypersensitivity to oxycodone, aspirin, phenacetin or caffeine.. 
narcotic to do. It effectively relieves moderate to WARNINGS: Drug Dependence: Oxycodone can produce drug dependence of the mor- 
phine type and, therefore, has the potential for being abused. Psychic dependence, physicak 

1 if’ i dependence and tolerance may develop upon repeated administration of Percodan, and it 

moderately severe pan. But It's different from should be prescribed and administered with the same degree of caution appropriate yi 
m ` use of other oral narcotic-containing medications. Like other narcotic-containing medica- 

all the other widely prescribed APC/narcotics tions, Percodan is subject to the Federal Controlled Substances Act. 

because it doesn’t contain codeine Usage in ambulatory patients: Oxycodone may impair the mental and/or physical abilities 


required for the performance of potentially hazardous tasks such asdriving a car or operating 


. : : . machinery. The patient using Percodan should be cautioned accordingly. 

The chief analgesic agent ın Percodan 1S Interaction with other central nervous system depressants: Patients receiving other narcotic 
. . . . analgesics, general anesthetics, phenothiazines, other tranquilizers, sedative-hypnotics 
oxycodone. À semisynthetic narcotic analgesic, or other CNS depressants (including alcohol) concomitantly with Percodan may exhibit an 
` è additive CNS depression. When such combined therapy is contemplated, the dose of one or 

oxycodone represents a therapeutic alternative both agents should be reduced. | 
3 Usage in pregnancy: Safe use in pregnancy has not been established relative to possible ad- 
to codeine. Percodan can produce drug depend- verse effects on fetal development. Therefore, Percodan should not be used in pregnant 


women unless, in thejudgmentofthe physician, the potential benefits outweigh the possible 


ence of the morphine type and has the potential of —_»ezards. 


Usage in children: Percodan should not be administered to children. 


being abused. Percodan should be used with the Personae be used with caution in the presence of peptic ulcer or coagulation 
: PRECAUTIONS: Head injury and increased intracranial pressure: The respiratory depres- 
same degree of caution appropriate to other oral sant effects of narcotics and their capacity to elevate cerebrospinal fluid pressure may be 
e TE . . markedly exaggerated in the presence of head injury, other intracranial lesions or a pre- 
Les narcotic-containing medications. existing increase in intracranial pressure. Furthermore, narcotics produce adverse reactions 
O b] f d . h . which may obscure the clinical course of patients with head injuries. 
ne tablet O Perco an every S1X NOUTS 1S Acute abdominal conditions: The administration of Percodan or other narcotics may ob- 
ee z scure the diagnosis or clinical course in patients with acute abdominal conditions. 

usually sufficient for adults. However, 1t occa- Special risk patients: Percodan should be given with caution to certain patients such as the 
s elderly or debilitated, and those with severe impairment of hepatic or renal function, hypo- 

sionally may be necessary to exceed the usual thyroidism, Addison's disease, and prostatic hypertrophy or urethral stricture. 


Phenacetin has been reported to damage the kidneys when taken in excessive amounts 


j j j 1 for al ime. 
dosage 1N Cases of severe pain orin those patients ADVERSE REACTIONS: The most frequently observed adverse reactions include light- 

























who have built up a tolerance to the analgesic headedness, dizziness, sedation, nausea and vomiting. Some of these adverse reactions 
3 may be alleviated if the patient lies down. 
3 ; Other adverse reactions include euphoria, dysphoria, constipation and pruritus. 
= effect of Narcotics. Percodan. The BPC DOSAGE AND ADMINISTRATION: Dosage should be adjusted according to the severity 
aa ae : ! 6 of the pain and the response of the patient. It may occasionally be necessary to exceed the 
narcotic that doesn t contain usual dosage recommended below in cases of more severe pain or in those patients who 
codeine have become tolerant to the analgesic effect of narcotics. The usual adult dose is one tablet 


every six hours as needed for pain. 

DRUG INTERACTIONS: The CNS depressant effects of Percodan may be additive with 

that of other CNS depressants. See WARNINGS. 

Aspirin may enhance the effect of anticoagulants and inhibit the effect of uricosuric 

agents. 

MANAGEMENT OFOVERDOSAGE: Signs and Symptoms: Serious overdose with Percodan 

is characterized by respiratory depression, extreme somnolence progressing to stupor or 

coma, skeletal muscle flaccidity, cold and clammy skin, and sometimes bradycardia and 

hypotension. In severe overdosage, apnea, circulatory collapse, cardiac arrest and death 

may occur. The ingestion of very large amounts of Percodan may, in addition, result in acute 

salicylate intoxication. 

Treatment: Primary attention should be given to the re-establishment of adequate respira- 

tory exchange through provision of a patent airway and the institution 

of assisted or controlled ventilation. The narcotic antagonists naloxone, 

nalorphine or levallorphan are specific antidotes against respi- 
ratory depression which may result from overdosage or unusual 
sensitivity to narcotics, including oxycodone. Therefore, an appro- 
priate dose of one of these antagonists should be administered, pre- 
ferably by the intravenous route, simultaneously with efforts at 
respiratory resuscitation. Since the duration of action of oxycodone 
may exceed that of the antagonist, the patient should be kept under 
continued surveillance and repeated doses of the antagonist should 
be administered as needed to maintain adequate respiration. 

An antagonist should not be administered in the absence of clinically 

significant respiratory or cardiovascular depression. 

Oxygen, intravenous fluids, vasopressors and other supportive measures 

' should be employed as indicated. 

i Gastric emptying may be useful in removing unabsorbed drug. 
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When pain is moderate 
to moderately severe 


Dercodan « 


Each yellow, scored tablet contains 4.50 mg. oxycodone HCl 
(Warning: May be habit-forming), 0.38 mg. oxycodone 
terephthalate (Warning: May be habit-forming), 224 mg. aspirin, 


PA y | | F. Ng 160 mg. phenacetin, and 32 mg. caffeine. 


| | reliable, rapid relief 
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z Endo Laboratories. Inc. 


P SUðsidiary of E | du Pont de Nemours & Co [Inc } 
Garden City. N.Y 11530 
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e the return 


The versatility of Phenergan can make it a useful 
medication following surgery, both in the recovery room 
and back in the ward. 

Phenergan helps you prevent and control nausea and 
vomiting associated with certain types of anesthesia and 
surgery. Also, Phenergan may be given as an adjunct to 
analgesics to help control postoperative pain* 

In addition, you can use Phenergan to help provide 
sedation. It helps allay apprehension and provide a light 
sleep from which your patients can be easily awakened. 

You can even administer Phenergan IM or IV+ 
Phenergan. Versatile. 


INJECTION 


PHENERGAN™ 


(PROMETHAZINE HCI ) "=" 


*Because Phenergan adds to the sedative effects of CNS de- 
pressants, including narcotics, such‘agents should either be 
eliminated or used in reduced dosage in the presence of pro- 
methazine 





trip a smooti 
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Indications: Promethazine HCI injection is indicated when the oral form 
is impractical for: Amelioration and prevention of allergic reactions to 
blood or plasma in patients with known history of such reactions; in 
anaphylaxis as an adjunct to epinephrine and other standard measures 
after acute symptoms have been controlled; for other uncomplicated 
allergic conditions of the immediate type when oral therapy is impossible 
or contraindicated; active treatment of motion sickness; preoperative, 
postoperative and obstetric (during labor) sedation: prevention and con- 
trol of nausea and vomiting associated with certain types of anesthesia 
and surgery; as an adjunct to analgesics to control postoperative pain; 
for sedation and relief of apprehension and to produce light sleep from 
which the patient can be easily aroused; intravenously in special surgical 
situations (e.g. repeated bronchoscopy, ophthalmic surgery, poor-risk 
patients) with reduced amounts of meperidine as adjunct to anesthesia 
and analgesia. 


Contraindications: Contraindicated in individuals with known hyper- 
sensitivity to promethazine. Intra-arterial injection is contraindicated. 


Warnings: The sedative action of promethazine is additive to the sedative 
effects of CNS depressants; therefore, agents as alcohol, barbiturates 
and narcotic analgesics should be eliminated or given in reduced dosage 
in presence of promethazine. When given concomitantly with pro- 
methazine reduce dose of barbiturates by at least % and dose of anal- 
gesic depressants (e.g. morphine or meperidine) by % to %. Although 
proper IV use of promethazine is well-tolerated, exercise care not to 
allow perivascular extravasation since under such circumstances chemi- 
cal irritation may occur! When used IV, give in a concentration no greater 
than 25 mg./cc. and at a rate not over 25 mg./minute. 


Precautions: Caution ambulatory patients against driving autos or operat- 
ing dangerous machinery until it is known that they do not become 
drowsy or dizzy from promethazine. Antiemetics may mask symptoms of 
unrecognized disease and thus interfere with diagnosis. Patients in pain 
who received inadequate or no analgesia have developed ‘athetoid- 
like" movements ofthe upper extremities following parenteral prometha- 
zine. These symptoms usually disappear on adequate control of pain. 


Adverse Reactions: Patients may occasionally complain of autonomic 
reactions, e.g. dryness of mouth, blurring of vision and rarely dizziness. 
Very rare cases have been reported where patients receiving prometha- 
zine developed leukopenia. In one instance agranulocytosis has been 
reported. In nearly every instance reported other toxic agents known to 
have caused these conditions were associated with administration of 
promethazine. Cardiovascular by-effects from promethazine have been 
rare (minor increases in blood pressure, occasional mild hypotension). 
Photosensitivity (extremely rare) contraindicates further use of pro- 
methazine or related drugs. Attempted suicides with promethazine 
resulted in deep sedation, coma, rarely convulsions and cardiorespira- 
tory symptomscompatible with depth of sedation. A paradoxical reaction 
(hyperexcitability and nightmares) has been reported in children receiv- 
ing large single doses. 


eComposition: Injection— 1 cc. ampuls of 25 mg./cc. and 50 mg./cc. Each 
cc. alsocontainsO.1 mg. disodium edetate,0.04 mg. calcium chloride and 
not morethan 0.25 mg. sodium metabisulfite and 5 mg. phenol with so- 
dium acetate buffer. 


Wyeth Laboratories Philadelphia, Pa. 
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„Blanket of, 
Relief 


Proctofoam-HC, unique mucoadhesive 
foam, medicates the anorectal mucosa 


more rapidly and thoroughly 
than suppositories * 


» e better contact with the involved tissues; spreads 
evenly throughout anal canal, rectal crypts, papillae 
and hemorrhoidal sites. 

e unlike suppositories, won't “bypass” areas of pathol- 
ogy often missed by creams and suppositories.1:4.5. 
e unlike suppositories°—spreads evenly, with no 





need to melt. 
Proctofoam-HC offers greater 
promise of a short and pain-free unique maculata foam 
postoperative period 
e faster wound healing!.° (22 to 3 weeks instead of rocto oam- 
the expected 342 to 4 weeks). > Each measured dose (approx. 6.5 ml.) delivers 
e less scar formation—wounds more pliable, with hydrocortisone acetate 1%, pramoxine hydrochloride 1%, 


in a water-soluble, mucoadhesive foam base. 


clean, healthy-looking, granulating tissue.!? ee 
y B, 8 8 antiinflammatory /antipruritic/ analgesic 


+ — + lessedema, inflammation, swelling, itching, pain 
and tenesmus. +3,36 References: 1. Bernstein, l.: Surg. Dig. 4:23, Jan. 1969. 
e preferred by patients over other forms of therapy.14° 2. Sladek, W. R.: Scientific Exhibit, 69th Annual Meet- 


ing of American Proctologic Society, April 1970. 
3. Sladek, W. R.: Amer. J. Clin. Res. 1:33, Jan.-Feb. 1970. 


4. O'Brien, J. R.: Surg. Dig. 4:27, April 1969. 5. Miller, H.: 
Compared to suppositories, Amer. J. Proctol. 18:59, Feb. 1967. 6. Lieberman, W.: 
Proctofoam-HC provides greater patient Amer. J. Proctol, 20:134, April 1969. 
comfort, convenience and economy Active Ingredients: Hydrocortisone acetate, 1%, 
and pramoxine hydrochloride, 1%, in a mucoadhesive 
e measured-dose applicator facilitates self-admin- foam base. 
istration with minimal discomfort? and eliminates Indications: Temporary relief of anorectal inflammation, 


pruritus, pain and swelling associated with hemorrhoids, 


i with perianal area. ATA , 
finger contact with pe proctitis, cryptitis, fissures, postoperative pain and 


e mucoadhesive foam won't leak or stain.2-4 


pruritus ani. 
e foam container requires no refrigeration. "P Contraindications: Abscess, extensive fistulas or sinus 
e less than half the cost of hydrocortisone-containing tracts, tuberculosis, varicella, vaccinia or acute herpes 
suppositories per application. simplex. 
Precautions: A complete rectal examination to rule out 
serious pathology should be completed before instituting e 


therapy. Do not use on infected lesions unless accom- 
panied by antiinfective agents. Discontinue use if 
y sensitivity develops. 
Caution: Do not insert any part of the aerosol container 
into the anus. Contents of the container are under pres- 
sure, but not flammable. 
Dosage: One applicatorful two or three times daily and 
after each bowel evacuation. Perianally, apply as needed. 
How Supplied: In aerosol container providing 15 Gms. 
of medication (approx. 25 applications) with special rec- 
tal applicator and patient instructions. ie 
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e tg reasons for using catgut 
yesterda 


1, The only 52 suture available. 


2. Familiarity with its handling properties. 
3, Limited failures with it. 





Eight good reasons for using DEXON" 
polyglycolic acid suture today: 


1. Supple, silk-like hand. 

2. Knot security — tied securely, it holds securely. 

~3. High tensile strength—minimizes breaking. 

4. Sustained strength through the critical wound healing period. 
5. No fraying. 

OWE Predictable absorption, even in contaminated areas. 

7. Minimal tissue reaction and inflammatory response. 

8. Improved patient comfort. 


i ee The future is with 
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Complete Product Information— 
approved official package insert. 


DESCRIPTION DEXON? polyglycolic 
acid Suture—Synthetic, Absorbable 
is a homopolymer of glycolic acid. 
The sutures are sterile, inert, noncol- 
lagenous. nonantigenic, nonpyro- 
genic, flexible, braided, undyed, 
with a natural beige color. They are 
uniform in size and tensile strength, 
but are smaller in diameter than 
Absorbable Surgical Sutures of 
equivalent tensile strength. 


ACTIONS When DEXON is placed in 
tissues, a minimal tissue reaction 
occurs which is followed by a micro- 
scopic laver of fibrous connective 
tissue which grows into the suture 
material. Clinical experience, con- 
firmed by animal studies, revealed 
no absorption at 7 days, minimal 
absorption at15 days, maximum 
absorption at 30 days, and essential- 
ly complete resorption after 60 to 

90 days. Therefore, the suture may be 
expected to maintain optimum 
strength during the critical early post- 
operative healing phase. 


INDICATIONS This suture may be 
used in blood vessel ligation or tissue 
repair, including skin, where absorb- 
able or nonabsorbable sutures are 
required. The suture may be removed 
or left in place until itis completely 
absorbed. 


CONTRAINDICATIONS Where ex- 
tended approximation of tissues must 
be maintained. 


WARNINGS The safe use of this 
suture in cardiovascular, neural, and 
ophthalmological surgery has not 
been established. Do not resterilize. 
Discard opened, unused sutures. 


PRECAUTIONS As with all sutures, 
acceptable surgical practice must 
be followed with respect to drainage 
and closure of infected wounds. 
DEXON polyglycolic acid Suture— 
Synthetic, Absorbable requires 
special care in placing the first knot. 
In rare instances disintegration of the 
sutures may be prolonged. 


ADVERSE REACTIONS Adverse reac- 
tions have been rare and are similar 
ło those which occur with all sutures; 
they include tissue reaction or inflam- 
mation and fibrinous or granulation 
tissue. Wound separation and bleed- 
ing have occured infrequently. 


DOSAGE AND ADMINISTRATION 
Use as required per operation. 


HOW SUPPLIED Suture sizes 6/0 
through 4. Supplied in cut lengths or 
ligating reels, non-needled or 
affixed to Ihe various Davis & Geck 
ATRAUMATIC® needles in three dozen 
packages. Rev. 9/70 
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ARTERIAL 
SURGERY 


By H. H. G. Eastcott, M.D., F.R.C.S. 














This handsomely-illustrated work offers an ex- 





ceptionally complete clinical, pathological and 





therapeutic presentation of the entire range 





of arterial disorders. The causes of arterial 






diseases and injuries are fully described, to- 





gether with precise surgical procedures. The 






entire clinical picture for each disorder is dis- 






cussed, and an abundance of case reports is 





included. 






“Only a surgeon with a breadth and depth of 
experience could present the subject so 






thoroughly and authoritatively. . . . This is 






an outstanding volume which can be highly 





recommended and without reservation to medi- 






cal students, residents, general surgeons, and, 





in this reviewer's opinion, to experienced vas- 





cular surgeons.” —Surgery, Gynecology and 
Obstetrics. 
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All of these mammals, except one, ” 
can synthesize vitamin ©. 
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Man cannot. 


Homo sapiens can neither synthesize vitamin | increased. 





C nor store the water soluble vitamins. They In such cases, Surbex-T may be indicated. 

have to be replenished every day. Each tablet provides 500 mg. of vitamin C 
Normally, man accomplishes this in his daily | plus high potency B-complex. 

diet. But under conditions of illness, stress, in | Where nutritional status must be preserved, 

convalescence or following surgery, vitamin | Surbex-T can help restore what the body can 


stores may be depleted or metabolic demands | not store. 211399 
® : 
500 mg. of Vitamin C with High Potency B-Complex apan 

Restores what the body cannot store—the water-soluble vitamins. 


_ The most important step in 
initiating reversal of hypovolemic shock 
is restoring effective blood volume 
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- In hemorrhagic and traumatic shock, the effects of as "oe a e 
volume deficiency represent the primary danger to life. i=... ienien AAD- 

Rheomacrodex works immediately to provide 
greater initial plasma volume expansion than equal 
amounts of blood, plasma, saline or Ringers. This 
rapid, large volume increase can be life-saving, particu- 
larly in the crucial initial stages of treatment. 

- Due to its molecular-weight distribution and con- 
centration, Rheomacrodex offers the two properties es- 
sential in a volume expander — rapid initial oncotic effect 
and sustained volume action. 

Rheomacrodex rapidly achieves an immediate peak 
expansion to restore lost volume rapidly, and over the 
longer term maintains circulating volume comparable to 
infusions of blood and plasma: 

But the advantages of Rheomacrodex do not end 
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Rheomacrodex’” 


(dextran 40) 


Contraindications: Marked thrombo- 


 cytopenia, hypofibrinogenemia or renal 


disease with severe oliguria or anuria. 
Warnings: Since dextran-40 draws water 


` from extravascular space, dehydrated 
. patients should be given additional fluids. 
The degree of dehydration can be assessed 


by serum or urine osmolarity tests. 
Diuretics may be used to maintain adequate 
urine flow. Renal failure, osmotic nephrosis 
and, occasionally, abnormal hepatic and 
renal function values have been reported. 


` Because safety in early pregnancy has not 


been established, do not use in women of 
childbearing age unless potential benefits 


. outweigh risks. Use with caution in 


patients with active bleeding, because 
improved perfusion pressure and flow may — 
cause further blood loss, 

Precautions: Dosages above 20 ml./kg. 
may prolong bleeding time. To avoid excess 
dosage with circulatory overloading, moni- 
toring of central venous pressure is recom- ` 
mended. Do not depress hematocrit below 
30 vol.%. 

Because the presence of Rheomacrodex can 


_ interfere with bilirubin and protein assays, 
‘blood glucose determinations, and some 


blood typing and cross matching procedures, 
it is recommended that blood samples for 
these tests be drawn prior to infusion of 
Rheomacrodex or that the lab be informed 
that Rheomacrodex has been administered 
so that suitable assay methods be applied. 
Adverse Reactions: Mild urticaria has 
occurred in a few patients. More severe 
allergic reactions including generalized 


urticaria, tightness of chest, wheezing, 


hypotension, nausea and vomiting may 
occur rarely. They may be relieved by 
parenteral epinephrine, ephedrine or 
antihistamines. 


. Dosage: Total dosage should not exceed 
20 mi./kg. in the first 24 hours or 10 ml./kg. 


in each subsequent 24 hours. Do not 
continue beyond 5 days. 

Supplied: Bottles of 500 ml. 10% solution 
in normal saline or in 5% aqueous dextrose. 
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ATLAS of 


GASTROINTESTINAL 


SURGERY 


KOMEI NAKAYAMA, M.D., Pro- 
‘fessor of Surgery, and Director 
= of Institute of Gastroenterology, 
Tokyo Women’s Medical College 


Here is an atlas of exceptional surgical merit 
and surpassing beauty from a distinguished 
Japanese surgeon. Dr. Nakayama presents, in 
vivid; step-by-step fashion the surgical methods 
that have won him. international acclaim. 


The author is a pioneer and a world leader in 
the field of esophageal surgery. One-third of 
his atlas is devoted to surgery of this type. It 
includes a description, in minute detail, of Dr. 


_Nakayama’s reconstruction of the cervical esoph- 


agus using a fevascularized segment of the 
bowel. In the remaining two-thirds of the 
atlas- you'll find operations on the rest of the 
gastrointestinal tract plus the gall bladder, bile 
duct, liver, pancreas, and spleen. 


Surgical indications, pre- and postoperative care, 
and complications are described along with the 


- surgical techniques. A beautiful section of the 


atlas contains large photographs of, and in- 
structions for the. use of, Dr. Nakayama’s in- 
struments ‘for small vessel anastomosis. 
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Description: Keflin® (sodium cephalothin, 
Lilly) is a semisynthetic cephalosporin an- 
tibiotic for parenteral use. It is the sodium 
salt of 7-(thiophene-2-acetamido) cephalo- 
sporanic acid. The sodium content is 55 
mg. per Gm. of cephalothin. 


Actions: The bactericidal action of cepha- 
lothin results from inhibition of cell-wall 
synthesis. In-vitro and in-vivo activity has 
been demonstrated against strains of the 
following micro-organisms: 
Staphylococcus aureus (penicillin-sen- 
sitive and penicillinase-producing) 
Beta-hemolytic and other streptococci 
(many strains of enterococci, e.g., 
Streptococcus faecalis, are relatively 
resistant) 
Pneumococci 
Clostridia 
Hemophilus influenzae 
Neisseria gonorrhoeae 
Escherichia coli and other coliform bac- 
teria 
Klebsiella-Aerobacter sp. 
Proteus 
Salmonella sp. 
Shigella sp. 


Indications: Keflin is indicated in the treat- 
ment of serious infections of the respira- 
tory tract, genito-urinary tract, soft tissue 
and skin, gastro-intestinal tract, bones and 
joints, bloodstream, and cardiovascular 
system due to susceptible organisms. Also, 
it has beeh effective in cases of peritonitis, 
septic abortion, and staphylococcus and 
pneumococcus meningitis. Effectiveness 
has not been established in other types of 
meningeal infection. 

Appropriate culture and susceptibility 
studies should be performed to determine 
susceptibility of the causative organism 
to Keflin. 


Contraindication: Keflin is contraindicated 
in persons who have shown hypersensitiv- 
ity to cephalosporin antibiotics. 
Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 
DRUGS, INCLUDING DEATH FROM ANAPHY- 
LAXIS, HAVE BEEN REPORTED. 


Any patient who has demonstrated some | i : 


form of allergy, particularly to drugs, 
should receive antibiotics cautiously and 
then only when absolutely necessary. No 
exception should be made with regard to 
Keflin. 


Usage in Pregnancy—Safety of this prod- 
uct for use during pregnancy has not been 
established. 


Precautions: Patients should be followed 
carefully so that any side-effects or un- 
usual manifestations of drug idiosyncrasy 
may be detected. If an allergic reaction to 
Keflin occurs, the drug should be discon- 
tinued and the patient treated with the 
usual agents (e.g., epinephrine, antihista- 
mines, pressor amines, or corticosteroids). 
When Keflin is administered to patients 
with transient or persistent reduction of 
urinary output due to impaired renal func- 
tion, the total daily dose should be re- 
duced. Careful clinical observation and 
laboratory studies should be made, be- 
Cause higher and more prolonged sys- 
etemic antibiotic concentrations can occur 
(see Administration and Dosage below). 
When intravenous doses of cephalothin 
larger than 6 Gm. daily are given by infu- 
sion for periods longer than three days, 
they may be associated with thrombophle- 
bitis, and the veins may have to be alter- 
nated. The addition of 10 to 25 mg. of 


hydrocortisone to intravenous solutions 
containing 4 to 6 Gm. of cephalothin may 
reduce the incidence of thrombophlebitis. 
The use of small I.Y. needles in the larger 
available veins may be preferred. 

Prolonged use of Keflin® (sodium ceph- 
alothin, Lilly) may result in the overgrowth 
of nonsusceptible organisms. Constant ob- 
servation of the patient is essential. If 
superinfection occurs during therapy, ap- 
propriate measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict’s or 
Fehling’s solution or with Clinitest® tablets 
but not with Tes-Tape® (urine sugar anal- 
ysis paper, Lilly). 


Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reactions 
resembling serum sickness, and anaphy- 
laxis have been reported. Eosinophilia and 
drug fever have been reported as asso- 
ciated with other allergic reactions. These 
reactions are most likely to occur in pa- 
tients with a history of allergy, particularly 
to penicillin. 


Blood—Neutropenia and hemolytic ane- 
mia have been reported. Some individuals, 
particularly those with azotemia, have de- 
veloped positive direct Coombs tests dur- 
ing cephalothin therapy. 


Liver—Transient rise in SGOT has been 
reported. 


Kidney—Rise in BUN has been observed; 
however, some patients with elevated BUN 
at the beginning of cephalothin therapy 
have had values return to normal during 
therapy. 












Local Reactions—Pain, induration, ten- 
derness, and elevation of temperature have 
been reported following repeated intra- 
muscular injections. Thrombophlebitis has 
occurred and is usually associated with 
daily doses of over 6 Gm. given by infusion 
for more than three days. 


Administration and Dosage: /n adults, the 
usual dosage range is 500 mg. to 1 Gm. of 
cephalothin every four to six hours. A dos- 
age of 500 mg. every six hours is adequate 
in uncomplicated pneumonia, furunculosis 
with cellulitis, and most urinary tract in- 
fections. In severe infections, this may be 
increased by giving the injections every 
four hours or, when the desired response 
is not obtained, by raising the dose to 
1 Gm. In life-threatening infections, doses 
up to 2 Gm. every four hours may be re- 
quired. 


Ininfants and children, the dosage should 
be proportionately less in accordance with 
age, weight, and severity of infection. Daily 
administration of 50 mg. per Kg. (40 to 80 
mg. per Kg. or 20 to 40 mg. per pound) in 
divided doses has been found effective for 
most infections susceptible to Keflin. 


For additional information regarding 
dosage and administration, see package 
literature. 


How Supplied: Ampoules Keflin® (Sterile 
Sodium Cephalothin, U.S.P.), equivalent 
to 1 Gm. cephalothin, 10-ml. size, rubber- 
stoppered; equivalent to 2 Gm. cephalo- 
thin, 100-ml. size, rubber-stoppered; 
equivalent to 4 Gm. cephalothin, 50-ml. 
size, rubber-stoppered. [031971] 
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available to the 
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Keflin I.V. 
sodium cephalothin 


2 Gm. * in 100-ml. ampoule 


lOyears of 
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Keflin was made available for 
clinical investigation early in 1962 and 
was marketed on September 4, 1964. 
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Since the introduction of Keflin, 

the susceptibilities of commonly 
encountered organisms, as measured 
by in-vitro methods, have not 
changed significantly. 


* equivalent to cephalothin 
Please turn page for prescribing information. 
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Early Prediction of Acute Renal Failure and Recovery: 


l. Sequential Measurements of Free Water Clearance 


S. M. BAEK, M.D., R. S. BROWN, M.D., W. C. SHOEMAKER, M.D. 


ENAL FUNCTIONAL CHANGES following shock were ex- 

tensively investigated by Lawson et alt Subse- 
quently, numerous studies have attempted to describe 
the pathophysiology of acute renal failure and its clin- 
ical management. However, there is insufficient informa- 
tion on the sequential changes in renal function preced- 
ing the development of acute renal failure. Although 
acute tubular necrosis is theoretically a reversible proc- 
ess, the mortality in postoperative patients remains 
high.” 

The concentrative capacity of the kidney is its most 
sensitive and biologically important function. This capa- 
bility, which is frequently inferred from measurements 
of urine output and specific gravity, may be better as- 
sessed by measurements of the ratio of urinary to plasma 
osmolality. In general, Uosm/Posm ratios above 1.7 in- 
dicate good concentrative ability, but this ratio may be 
misleading in the presence of oliguria. The renal concen- 
trative capacity is better reflected by osmotic clearance 
measurements, which indicate the rate of removal of 
solutes from the plasma and are calculated as the prod- 
uct of the urine volume and the ratio of urinary to plasma 
osmolality. Free water clearance, being calculated as the 
difference between urine output and osmolar clearance, 
essentially represents the same renal function, but takes 
more explicit cognizance of the rate of urinary output. 
It is normally in a negative range of —25 to —100 ml./ 
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hr. The advantage of this measurement may be illustrated 
by the following example. One of our patients with a 
urine output of 100 ml./hr had a urine osmolality of 330 
and plasma osmolality of 300. This gave the relatively 
normal osmolar clearance of 110 ml./hr, but the free 
water clearance of —10 ml./hr revealed the seriousness 
of renal impairment. 

The present study was undertaken to describe sequen- 
tial events leading to acute renal failure in acutely ill 
patients with standard renal functional measurements: 
emphasis was placed on the early appearance of changes 
in free water clearance. 


Materials and Methods 


The study included 20 male and 18 female patients 
who were admitted to intensive care units at Mount 
Sinai Hospital and Mount Sinai Service of the City Hos- 
pital at Elmhurst. All patients who had prior history of 
chronic renal disease were excluded from the series. 

Hourly urine flow was measured; blood and urine 
samples were collected at 8-hour intervals, but .more 
frequently when abnormal findings were present. Blood 
and urine samples were analyzed for sodium and potas- 
sium by flame photometry; osmolality was measured 
with a Fisk osmometer. Arterial blood samples were 
analyzed for pH and blood gases with an IL blood- 
gasometer. Blood samples were analyzed for creatinine 
and urea. Osmolar clearance and free water clearance 
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Fic. 1. Left column: Data of 18 postoperative patients illustrating 
in successive sections from above downward, urine output, urine 
osmolality, osmolar clearance and free water clearance. Data at 
each successive day are represented as mean values (dots) and 
vertical bars (S.E. of the mean). The mean values of the six 
successive postoperative days are connected by solid or dashed 
lines. These data indicate relatively normal renal functions for 
postoperative patients. Right column: Data of 15 postoperative 
patients who subsequently developed acute renal failure according 
to conventional clinical criteria at the time indicated by the 
vertical line, which is marked by the lower coordinate; antecedent 
days are indicated by negative numbers, succeeding days are in- 
dicated by positive numbers. Upper section shows gradually 
increasing BUN and creatinine levels; these are high but not diag- 
nostic of acute renal failure until the time indicated by the verti- 
cal line. Second section, right column: Urine output values in post- 
operative patients as they develop acute renal failure. At the time 
the diagnosis was established, the outputs averaged about 20 
ml./hr. Third section, right column: Although there was consider- 
able variability, the urine osmolalities were considerably below 
those of the patients who did not develop renal failure. Fourth 
section: Osmolar clearances were less than those of the patients 
without renal failure. Fifth section: Free water clearance values 
which, show the most marked differences and least variability, as 
reflected by the small standard errors, between the patients with 
and without renal failure. 


were calculated according to the standard clearance for- 


mula (8): 
Uosm X U.V. 


? 


Cosm = Omo = U.V. — Cosm; 


Posm 
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where Cosm is osmolar clearance, U.V. is urine volume, 
Uosm and Posm are urine and plasma osmolality, 
respectively, and Cu,0 is free water clearance. 


Results 


Postoperative Patients without Renal Failure 


The data of the series of 18 postoperative patients 
who did not develop renal failure are summarized in the 
left column of Figure 1; 11 of these patients had an epi- 
sode of hypotension with systolic blood pressures less 
than 60 mm. Hg. During the period of observation, 
urine output averaged 55 ml./hr and ranged from 30 to 
150 ml./hr depending on the state of patient's hydration 
and extrarenal losses. The specific gravities of the urine 
ranged from 1.005 to 1.035. The mean urine osmolality 
averaged 700 mOsm/1 (range 400 to 1,200 mOsm/ I}: 
low urine outputs were generally associated with high 
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Fic 2. Sequential values of renal functional tests in a representative 
patient. See text for details. Note that the free water clearance, 
starts at a normal negative value, has a transient period of positive 
value and subsequently falls to about —20 and then gradually 
approaches zero. 
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urine osmolalities. The osmolar clearance averaged 130 
ml. and ranged from 40 to 350 ml. /hr. 

The mean free water clearance was —75 ml./hour 
and rarely increased above —30 ml./hr. None of the pa- 
tients in this group had positive free water clearance at 
any time, irrespective of the states of hydration or diure- 
sis. The urine Na+ concentration averaged 70 mEq/1 
and ranged from 40 to 175 mEq/1. 


Patients with Acute Renal Failure 


The data of the 15 patients who developed renal fail- 
ure are shown in the right column of Figure 1; data of 
the representative patient is illustrated in Figure 2. Thir- 
teen of the 15 patients had an episode of hypotension 
with systolic blood pressures less than 60 mm. Hg; hy- 
poxia with arterial Po. less than 50 mm. Hg was docu- 
mented in two patients. During the period of observa- 
tion, the diagnosis of acute renal failure was established 
according to standard clinical criteria: oliguria with daily 
urine output less than 400 ml. per day, low specific 
gravity of urine, urine Na+ greater than 40 mEq/1, and 
rising BUN and creatinine. 

Twelve patients died with acute renal failure and 
three survived; one of the survivors had been dialyzed. 
Of these 12 patients who died, one had myocardial in- 
farction after complete recovery of renal function; four 
patients were dialyzed; three of these had peritoneal 
dialysis, four had hemodialysis more than once. 

During the period of observation before the diagnosis 
of acute renal failure was established, the urine output 
was low but adequate. During the three 24-hour periods 
prior to the diagnosis, the urine output averaged 30, 35 
and 50 ml./hr (Fig. 1), and the mean urine specific 
gravities averaged 1.020, 1.028 and 1.027. 

Urine osmolality, at the time the diagnosis was estab- 
lished, averaged 340 mOsm/1. During the period of ob- 
servation prior to this, urine osmolality gradually fell 
and the variability became less. After the diagnosis was 
established, the urine osmolality continued to decrease, 
approaching that of the plasma osmolality; the latter in- 
creased somewhat as the BUN rose and patients mani- 
fested more obvious clinical renal failure (Fig.1). 

The osmolar clearance gradually fell as the patients 
began to develop renal failure. About 3 days prior to 
the time of diagnosis of acute renal failure, it averaged 
less than 40 ml./hr. 

The BUN and creatinine gradually increased and 
reached the proportion of 10:1. But the patients who 
had hemorrhage developed higher ratios. Of major in- 
terest was the early appearance of free water clearance 
values close to zero. By the time the diagnosis of acute 
renal failure was established, all patients had free water 
clearances between +15 and —15 ml./hr and they re- 
mained in this range until recovery or death. Looking 
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Fic. 3. Recovery patterns of urine output, BUN and creatinine 
levels after established renal failure. Two distinct patterns are 
observed in this and the following figure. Group I had lesser 
urine outputs and minimal elevations in BUN and creatinine as 
compared with Group II. 


retrospectively from the time that the diagnosis was 
made, free water clearances of all 15 patients were 
within this range during the preceding day; moreover, 
13 of 14 patients were in this range 48 hours prior to the 
diagnosis and 11 of 13 patients, 72 or more hours prior 
to the time of established renal failure. 


Time Sequence of Changes in Free Water Clearance 


The temporal sequence of events is illustrated by the 
data of the representative case (Fig. 2). This 54-year- 
old previously healthy woman sustained multiple inju- 
ries including splenic rupture from an auto accident. 
Immediately after the splenectomy, the urine outputs 
averaged 100 ml./hr with urine Na+ concentrations of 
35 mEq/l; BUN and creatinine were within normal 
limits; urine osmolalities averaged 500 mOsm/1; the av- 
erage osmolar clearance was 150 ml./hr and free water 
clearance ranged from between —60 to —100 ml./hr. 
On the third day postoperatively, despite adequate 
blood replacement and 3,000 ml. of fluid per day, she 
had an episode of hypotension with systolic blood pres- 
sure less than 70 mm. Hg; the urine output increased, 
BUN and creatinine levels remained within normal lim- 
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Fic. 4. Recovery patterns of urine osmolality, osmolar clearance 
and free water clearance after established renal failure. Note Group 
I had return to higher urine osmolalities, but both groups had 
similar rates of osmolar clearances. The most characteristic differ- 
ence between the two groups were the free water clearances 
which remained near zero in Group II but returned to the normal 
negative values in Group I. 


its, urinary Na+ concentrations fell to 7 mEq/1, urine 
osmolalities fell below 100 mOsm/1, osmolar clearance 
decreased to 40 ml./hr, but free water clearance rose to 
+90 ml./hr. The following day, the urine output in- 
creased markedly, the urine osmolalities and osmolar 
clearance remained low, but free water clearance fur- 
ther increased to +150 ml./hr. The next day, urine out- 
put decreased and free water clearance again became 
negative (—20 ml./hr), but BUN and creatinine re- 
mained normal. The following day, she suddenly de- 
veloped respiratory distress with another severe hypo- 
tensive episode; urine output remained luw, but urine 
osmolalities and osmolar clearance fell slowly, while 
BUN and creatinine increased. During this period, the 
patient failed to respond to repeated intravenous ad- 
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ministration of furosemide and mannitol. Three days 
after the fall of free water clearances from strongly 
positive to nearly zero, the diagnosis of acute renal fail- 
ure was established. The BUN, creatinine and potas- 
sium rose unremittingly; despite fluid restriction, the pa- 
tient developed pulmonary edema. Repeated peritoneal 
dialysis were performed with little benefit and the pa- 
tient subsequently died. 


Patients with a Period of Positive Free Water Clearance 


There were seven patients who had a period of posi- 
tive free water clearance immediately following hypo- 
tensive episodes consisting of systolic pressures less than 
60 mm. Hg. One of these patients subsequently devel- 
oped acute rena! failure; the other six patients recovered 
norma] renal function. Shortly after the hypotensive epi- 
sode, these seven patients increased their urine output 
to an average of 220 ml./hr; urine osmolalities averaged 
about 200 mOsm/1 and osmolar clearance about 200 
ml./hr. During this period, all patients had strongly 
positive free water clearances which averaged +85 


ml./hr. 


Functional Studies during Recovery from Acute Renal 
Failure 


Two patterns are illustrated in the eight patients who 
recovered from acute renal failure; three of the eight 
patients had the first recovery pattern and five had the 
second pattern (Figs. 3 and 4); all three patients with 
the first pattern had complete recovery of renal function 
with survival; none required dialysis. Four of the five 
patients with the second pattern died during the period 
of observation; two of these four had hemodialysis more 
than once, but dialysis was withheld when the patients 
began to diurese. Three of the five patients with the 
second pattern of recovery developed pulmonary edema. 

The first pattern of recovery was characterized by 
satisfactory diuresis, gradually increasing urine osmolal- 
ity and osmolar clearance, as well as decreasing free 
water clearance; BUN, creatinine and potassium con- 
centrations returned to normal limits. 

The second pattern was characterized by profuse di- 
uresis, but in spite of this, the BUN, creatinine and 
potassium increased steadily, while urine osmolalities 
remained low. Osmolar clearance increased gradually in 
a manner similar to the patients with the first recovery 
pattern. But the most striking finding was that the free 
water clearance remained close to zero (Fig. 4). 


Discussion 


The complete loss of concentrating ability of kidney, 
which persisted during most of the course of acute renal ° 
failure, is characterized by free water clearances near 
zero. The return to appreciable degrees of negative free 
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water clearance marked the functional recovery of the 
tubular cells. Free water clearances near zero are pro- 
posed as criteria for the early diagnosis of acute renal 
failure; these criteria were found to be present 1 to 3 
days prior to the development of classic clinical and la- 
boratory diagnostic criteria. 

The diagnosis of renal failure is usually made on the 
basis of serial determinations of urine output and spe- 
cific gravity, as well as BUN, creatinine and urinary 
sodium concentrations, but all of these indices have se- 
rious limitations. For example, urinary output and spe- 
cific gravity are unreliable in assisting renal function or 
in establishing the diagnosis of acute renal failure; some 
patients with acute renal failure have high output renal 
impairment, but others have high specific gravity urine 
which is iso-osmolar with respect to plasma,'!° if albu- 
min, dextran or other high molecular weight substances 
are in the urine. Serial measurements of specific gravity 
in the present study confirmed their lack of diagnostic 
reliability. BUN and creatinine values are usually not 
altered until approximately 70% of renal function has 
been lost; they are inadequate as early screening tests, 
but changes in BUN and creatinine levels are more 
reliable indices of renal functional impairment. Urinary 
sodium concentration in the surgical patient is largely 
determined by the rate of intake, the functional status of 
the renal tubules, the urinary tubular flow, the medullary 
blood flow and the hormonal influences during the im- 
mediate postoperative period. Because of the multiplic- 
ity of factors which affect sodium concentration, it is 
possible to have relatively high urinary sodium concen- 
trations without renal disease, particularly when the pa- 
tient has been resuscitated with large volumes of saline 
containing solutions. 

Not infrequently, when the well-hydrated or over- 
hydrated patient has an episode of hypotension, he may 
transiently develop positive free water clearances. But 
after restoration of normal perfusion pressure, flow and 
medullary osmotic gradient, free water clearance re- 
turns to negative values. 

The distribution of sodium in the renal medulla is 
dependent upon the glomerular filtration rate which de- 
termines the sodium load deposited in the nephron, and 
the medullary circulation, which determines the rate of 
removal of sodium. Selkurt®* compared venous and ar- 
terial osmolality in dogs during hemorrhagic hypoten- 
sion and demonstrated a net removal of osmotically ac- 
tive particles during hypotension. On the basis of this 
work, the concept of “wash-out” of the renal medullary 
osmolar gradient was proposed as an explanation for the 
loss of concentrating ability of the kidney. That is, a 
transient positive free water clearance following shock 
may reflect tubular ischemia from reduction of renal 
blood flow and “wash-out” of the medullary osmotic 
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gradient. The latter is thought to result from an imbal- 
ance in the rates of delivery and removal of sodium 
from the medulla; glomerular filtration is more severely 
reduced than medullary blood flow following shock in 
experimental animals.* The disproportion between the 
filtered load of sodium and the medullary blood flow 
may exist for varying time periods in some patients even 
after restoration of normal hemodynamic conditions. 

The importance of aerobic metabolism in the renal 
concentrating process has been emphasized by Wein- 
stein et al? who infused cyanide into the kidney to 
block aerobic metabolism. This resulted in hypo-osmolar 
urine production and suggested that failure of urinary 
concentrating ability results from cellular anoxia from 
either reduced blood flow or failure of oxygen transport. 
Similar changes in concentrating function are observed, 
if the medullary osmotic gradient is reduced. Thus, if 
the osmotic gradient is washed out, or if the tubules are 
anoxic, vasopressin cannot appreciably alter distal water 
reabsorption and concentration of urine is impaired’; 
this results in free water clearances which are close to 
zero or positive. 


Summary and Conclusions 


Sequential changes in renal function were described 
in a series of 38 postoperative patients using standard 
renal function measurements with emphasis on osmolar 
and free water clearance. 

A common pattern of events in the development of 
acute renal failure was a change from strongly negative 
free water clearance in the preoperative and immediate 
postoperative period followed by a transient period of 
positive free water and finally a third period of close to 
zero free water clearance, The latter appeared one to 
three days prior to the development of clinically estab- 
lished acute renal failure; during this period, trends of 
urine output, urine osmolality and osmolar clearance 
were in the direction of renal failure, but they were not 
diagnostic. 

Transient positive free water clearance may be ex- 
plained by partial “wash-out” of the medullary osmotic 
gradient. This may be a phenomenon which not infre- 
quently precedes acute renal failure and may reflect a 
type of renal impairment seen in postoperative patients 
who have been given fluid loading during their early 
resuscitation and after a subsequent hypotensive period, 
have sudden reduction in renal vascular resistance, im- 
creased medullary blood flow and partial wash-out of 
the medullary osmotic gradients. 

After renal failure had been established, two distinct 
recovery patterns were noted in terms of free water 
clearance and the ultimate outcome of patients. The first 
consisted of a return of the renal functions including free 
water clearance to normal: all of these patients survived. 
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The second pattern consisted of the return toward nor- 
mal of urine output and osmolar clearance but not free 
water clearance; 4 of 5 of these patients died. 
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Primary Dissecting Aneurysm of Renal Artery: 


Report of a Case Causing Reversible Renal Hypertension 


JOSEPH J. KAUFMAN, M.D., WALTER F. COULSON, M.D., JAMES 


W. LECKY, M.D., GEORGE POPJAK, M.D., D.Sc., 


HE ASSOCIATION of dissecting aneurysm and mural 
Taysplasia of the renal artery has not been fully ap- 
preciated. Harrison and McCormack? indicated that me- 
dial dissection occurs in 5-10% of cases of renal artery 
stenosis caused by “fibroplasia,” but Meaney et al.” did 
not mention spontaneous dissection of the renal artery 
in their discussion of the natural history of renal arterial 
disease. Kincaid et al., recognized dissection as a com- 
plication of fibromuscular dysplasia of the renal artery 
and demonstrated the entity by selective renal arteriog- 
raphy. More recently, Hare and Kincaid-Smith* reported 
six patients with renal infarction secondary to isolated 
dissection originating in the renal artery. 

We believe that isolated dissection of the renal artery 
occurs more commonly than has been previously recog- 
nized. We agree that dissections often are associated 
with mural fibroplasia of the renal artery, but whether 
dissection is the cause or the result of such fibroplasias 
is a moot issue. Dissection rather than thrombosis is 
responsible for most infarcts of the kidney when the 
underlying vascular disease is mural fibroplasia. Fur- 
ther, reentry of the dissection, when it occurs, may be a 
self-resolving pathologic phenomenon. 

This report documents a case of spontaneous dissec- 
tion of the renal artery that produced hypertension 
which remitted after reentry of the dissection. Resection 
of the diseased artery and replacement with an acrtore- 
nal graft resulted in a stable anatomical and functional 
renovascular condition. 


Submitted for publication May 15, 1972. 
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Case Report 


G.P., a 57-year-old man, consulted a neurosurgeon in October, 
1970 because of severe headaches. Examination at that time re- 
vealed hypertension with diastolic blood pressures ranging be- 
tween 120 and 130 mm. Hg. Subsequently, an intravenous uro- 
gram (IVP) showed the right kidney to be 2 cm. smaller than 
the left, with a 30-minute delay in the appearance of contrast 
medium from the right kidney as compared to the left (Fig. 1). 
Because of elevated vanillyl mandelic acid (VMA) levels, the 
patient was studied for pheochromocytoma; results were negative. 
Peripheral plasma renin assay (PRA) (on low salt diet and up- 
right posture) was 1200 ng./100 ml. (Normal value—200-1500 
ng./100 ml.). During the subsequent 2 months, the hypertensive 
condition gradually improved, and the headaches disappeared. 
However, on February 8, 1971, a rapid sequence excretory uro- 
gram revealed that the right kidney measured 11.8 cm., the left, 
13.7 cm., and there was a l-minute delay in pyelocalyceal opacifi- 
cation of the right kidney as compared to the left. Renal vein 
catheterization disclosed PRA values of 200 ng./100 ml. from both 
the right and left kidneys. Arteriograms demonstrated stenosis of 
the right renal artery approximately 1.5 cm. distal to the take-off, 
slight poststenotic dilatation, and a distal defect, suggesting dis- 
secting aneurysm of the renal artery with reentry (Fig. 2A & B). 
The branches of the renal artery appeared to be normal. 

History disclosed that the patient had sustained a myocardial 
infarction 5 years earlier and had undergone a laminectomy for 
herniated intravertebral disc 15 years previously; he had otherwise 
been in good health. 

On admission to the hospital, the patient was asymptomatic, 
and blood pressure was 140/75 mm. Hg. No abdominal bruit was 
noted, and the physical examination was otherwise unremarkable. 
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Fic. 1. Intravenous urogram of October 27, 
after injection) showing 2 cm. difference between the right and 
left kidneys and a marked delay in pyelocalyceal opacification 
of the right kidney—pyelographic stigmata of right renal ischemia. 


The electrocardiogram showed an old anterior myocardial in- 
farction; serum creatinine, glucose, and potassium levels were 
normal. 

Although the patients blood pressure was normal and the 
intravenous urogram had shown a marked improvement in the 
function of the right kidney, the dissection of the renal artery 
represented an unstable condition of the arterial wall, and explora- 
tion and repair were indicated. Accordingly, on February 22, 
1971, the patient was explored transperitoneally. A dense capsule 
around the main renal artery originated near the aorta and ex- 
tended peripherally to involve the 
(Fig. 3). It was difficult to free the artery from the periarterial 
fibrotic sheath. The artery was resected. to the area where it 
assumed a normal caliber just proximal to its trifurcation. Several 
mattress sutures were placed in the transected arterial wall to 
seal off further dissection, and a 6 mm. woven Dacron graft was 
inserted from the aorta to the distal end of the divided renal 
artery. An excellent flow of blood was obtained through the graft, 
and the kidney immediately assumed a pink color and firm con- 
sistency. The patient had an uneventful postoperative course. 

A rapid sequence IVP performed 1 week postoperatively showed 
that both kidneys measured 13.5 cm. in length with prompt and 
symmetrical opacification of the collecting systems in the early 
films (Fig. 4). A transfemoral abdominal aortogram showed 
patent right aortorenal Dacron bypass (Fig. 5). The patient 
remained normotensive throughout the following year, and a sub- 
sequent intravenous urogram again showed kidneys of equal size 
and function. An aortogram performed 9 months postoperatively 
showed no change in the appearance of the graft. 

Microscopic study of the resected renal artery disclosed an old 
dissection in the outer media bounded by the external elastic 
membrane (Fig. 6A & B). Rec analization into one main and 
sfveral smaller channels had occurred, with extensive deposition 
of hemosiderin. The media was poorly defined and contained 
excessive ground substance. Almost one-half of the internal elastic 
membrane, on the side away from the dissection, was missing, 
and the thin media in this area merged with an expanded intima 
to form a single, thick, loose fibrous tunic, almost myxoid in ap- 
pearance. There were no changes suggesting atherosclerosis. 


major portion of the vessel 
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Discussion 


Fibromuscular dysplasia of the renal arteries is a well- 
recognized pathologic entity with a cause and effect re- 
lationship to renal hypertension, but its etiology, patho- 
genesis, and natural history remain unclear. Although 
the proliferation of fibrous and muscular tissue may 


Fic. 2A. (top) Midstream aortogram showing normal left renal 
artery but stenosis of the right renal artery approximately 1.5 cm. 
distal to its origin, slight poststenotic dilatation and a distal defect 
suggesting dissecting aneurysm, Fic. 2B. (bottom) Selective right 
renal arteriogram demonstrating area of dissection and reentry 


of the main renal artery. 





Fic. 3. Photograph taken at operation showing capsule about the 
main renal artery in the area of the dissection. 


occur at various layers of the arterial wall, more com- 
monly found are abnormalities of the internal and ex- 
ternal elastic membranes, particularly the former. Micro- 
aneurysms and saccular aneurysms tend to occur where 
the elastic laminae are destroyed. Similarly, dissections 
into the media are invited by a weakened or defective 
internal elastic membrane. If the dissecting aneurysm is 
extensive, it may result in occlusion of the vessel lumen 
and gross or segmental infarction. 

The occurrence of isolated post-traumatic dissections 
of the renal artery is well documented, and 17 case re- 
ports attest to the fact that the renal artery is vulnerable 
to this type of injury.’ However, spontaneous isolated 
dissections occurring as an “experiment of nature” have 
received less attention than they deserve. These dissec- 
tions may occur in the main renal artery, but they ap- 
pear to be even more common at the site of major 
arterial branchings. They unquestionably cause renal in- 
farction in some cases and in others, where the dissection 
is less extensive, they may heal and reverse the condi- 
tion of total or partial renal ischemia. 

Hare and Kincaid-Smith’ collated 18 cases of spon- 
taneous dissection originating in the wall of the renal 
artery and added six personal case reports. Of the six 
cases, the dissection was detected by selective renal ar- 
teriography in one, and the diagnosis was confirmed at 
operation in two. Three of their patients were treated 
conservatively, one of whom was remarkably similar to 
the case herein in that the blood pressure returned to 
normal and the arteriogram demonstrated striking im- 
provement over a 3-year interval; in the two others, 
eblood pressure was controlled with drugs, and serial 
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Fic. 4, Intravenous urogram one week after Decron interposition 
graft demonstrating equal pyelocalyceal opacification in the 10- 
minute film, 


arteriograms showed improvement in the 
the vessel. 

We believe that isolated “spontaneous” renal artery 
dissection may be a prominent feature of mural dys- 
plasia, particularly of the medial variety. It is probable 
that many cases of renal artery stenosis secondary to 
medial fibroplasia may result from dissections through a 
deficient or disrupted internal elastic membrane into dis- 
eased media. Myxoid degeneration of the media with 
subsequent scarring in the healing process may give the 
appearance of fibrosis (fibroplasia ). This is at variance 
with the traditional concept that fibroplasia is a distinct 


appearance of 





Fic. 5. Aortogram nine months postoperatively showing patent 
right aortorenal Dacron bypass. 
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Fic. 6A. Cross-section of renal artery showing old dissection in 
the outer media (arrow). Diametrically opposite, the internal 
elastic membrane is deficient, allowing the intima and the media 
to merge into a single tunic. Verhoeff-Van Gieson. X17. 


and spontaneous (idiopathic) pathologic entity. Mc- 
Cormack et al.,° recently described dissection as a com- 
plication of intimal fibroplasia and fibromuscular hyper- 
plasia and stated that “there is tremendous reaction of 
the arterial wall to the dissecting blood, and, as a con- 
sequence, a large amount of new collagen is laid down 
around the margins of the hematoma. This reaction must 
not be called fibromuscular hyperplasia.” Our own per- 
suasion is more in accord with that of Hare and Kincaid- 
Smith who speculate regarding whether the changes in 
the arterial wall result from dissection itself or whether 
some of the changes antedate the intramural hemor- 
rhage. 

It is difficult to estimate the number of cases of me- 
dial dissection with spontaneous reentry and resolution 
of hypertension or the number of cases of stenosis re- 
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Fıc. 6B. High power of boxed area in Fig. 6A showing end of 
ruptured internal elastic membrane (arrow) and the loose textured 
intima and adjacent media, in which separated smooth muscle 
fibers are still recognizable. (H&E X180) 


sulting from fibroplasia of the renal artery originating 
from a dissecting event. Certainly when there is occlu- 
sion of the main renal artery or, more frequently, of one 
of the branches of the main renal artery in association 
with mural dysplasia, dissection is responsible for the 
complete luminal occlusion. In the UCLA series of 148 
patients with renal artery stenosis secondary to fibro- 
plasia, there was no instance in which intraluminal 
thrombosis was the sole cause of infarction. On the 
other hand, in a number of patients, dissection caused 
segmental infarction. 

It is cifficult to determine how frequently spontaneous 
dissections of the renal artery evolve into spontaneous 
reentries (and healing) with varying degrees of residual 
fibrosis in the media. Since our patient was a physician 
whose hypertension resolved when reentry of the dis- , 
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section occurred, he seems to epitomize the aphorism: 
“Physician—Heal Thyself.” 


Summary and Conclusion 


A case of isolated dissecting aneurysm of the renal 
artery with spontaneous reentry and resolution of renal 
vascular hypertension is presented to illustrate the 
unique features of treatment. Resection of the diseased 
vessel and substitution with a Dacron graft resulted in 
normal renal function and normotension. 

Renal artery dissection is more common than has been 
appreciated and is a prominent feature of mural disease 
of the renal artery. Although the etiology is still obscure, 
dissection may, in some cases, be the cause of medial 
fibroplasia rather than the converse. 
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Traumatic Renal Artery Thrombosis: 


A Successful Thrombectomy and Revascularization 


OMPLETE THROMBOSIS of the renal arterial system due 
C to blunt trauma is a surprisingly rare lesion, only 
17 cases having been reported previously. Usually the 
result of severe deceleration, this lesion often is asso- 
ciated with multiple injuries. Grablowsky and associates 
and Evans and Mogg reviewed the literature concern- 
ing closed traumatic renal thrombosis and noted that 
the lesion is unilateral in most cases (15 of 17) and 
usually involves the left kidney (14 of 17).?° It has been 
postulated that this is because of the hypermobility of 
the left kidney with its relatively long pedicle.' Sudden 
deceleration might, therefore, cause acute angulation 
and traction on the artery at its point of fixation near 
its origin from the aorta. Intimal fracture with subinti- 
mal dissection occurs at that point, leading to arterial 
thrombosis and followed by complete infarction of the 
kidney. 

All patients previously reported have either undergone 
nephrectomy, or the lesion has been discovered at au- 
topsy. Herein is reported a case of a successful throm- 
bectomy with revascularization of a complete thrombosis 
of the left renal artery resulting from blunt trauma. 


Case Report 


C.D., a 37-year-old man, was admitted initially to the orthopedic 
service after having been struck by an automobile. Multiple in- 
juries included scalp lacerations, fractured spinous processes of 
Cr and Th, separation of the symphysis and left sacro-iliac joint, 
and torn collateral ligaments of the left knee. 

There was no evidence of abdominal or chest trauma, and 
the patient had no complaints of flank or abdominal pain. A 
Foley catheter was passed for monitoring purposes; the specimen 
was clear but revealed 50-60 red blood cells on microscopic 
examination. Because of the microscopic hematuria, intravenous 
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pyelography (IVP) was performed promptly, revealing nonfunc- 
tion of the left kidney (Fig 1). The patient’s vital signs and hema- 
tocrit remained stable, and an arteriogram performed 10 hours 
after injury revealed complete thrombosis of the left renal artery 
(Fig 2). 

Immediate exploration through a roof-top, inverted V, incision 
revealed the left renal artery to be completely thrombosed approxi- 
mately 2 cm. from its origin on the aorta; the kidney appeared 
quite dusky and felt soft. There was no evidence of retroperitoneal 
injury and no hematoma. 

The artery was transected, revealing an area of intimal fracture 
with distal thrombosis (Fig 3). A number 4 Fogarty embolectomy 
catheter was used to extract thrombus from the main renal artery 
and the three segmental branches. The renal vein was opened, 
and some clot was extracted from the major veins using the 
Fogarty catheter. The kidney was then perfused in situ with 1000 
cc. of cold Ringer’s lactate containing mannitol, heparin, and 
indigo carmine, with all perfusate being suctioned from the 
venotomy. Indigo carmine gradually stained the cortical surface 
and subsequently appeared in the urine. 

The injured segment of artery was excised, and an end-to-end 
arterial anastomosis was accomplished easily. The renal venotomy 
was closed, and the circulation was reestablished. A renal biopsy 
was taken, and bleeding was observed from the cut cortex. 

The patient’s postoperative course was uneventful, and his 
blood pressure remained normal. He was continued on a mannitol 
infusion and hydration. A renal scan performed at 12 hours and 
again at 7 days disclosed essentially no uptake, but an arterio- 
gram taken at 7 days (Figs 4 and 5) revealed all segmental 
branches to be patent, although only a minimal delayed nephro- 
gram was observed (Fig 6). The renal scan, arteriogram, and 
IVP at this point were consistent with acute tubular necrosis. 

An IVP performed 6 weeks after injury revealed good func- 
tion at 10 minutes (Fig 7), although the kidney was approximately 
2 cm. smaller than the right. The patient currently is normoten- 
sive, and a more recent IVP (6 months postinjury ) shows im- 
proved function and stability in renal size. This kidney should” 
be sufficient to carry the patient should a right nephrectomy be 
necessary in the future. 
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Fic. 1. Intravenous pyelo- 
gram taken approximately 6 
hours after injury demon- 
strates nonfunction of left 
kidney. Slight displacement 
of the bladder is secondary 
to a pelvic hematoma from 
traumatic separation of the 
symphysis. 
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This case illustrates several important points in man- 
agement: 1) Upon discovery of microscopic hematuria, 
immediate urologic evaluation is indicated. In the case 
presented, the patient had no clinical or physical evi- 
dence to suggest significant intra-abdominal trauma. 2) 
Early recognition is important, and surgical intervention 
should follow immediately. Revascularization of this 
kidney was established within 12 hours of the time of 
injury. 3) Small Fogarty arterial embolectomy catheters 
should be used to remove thrombus. 4) In situ perfusion 





Fic. 2. 


Aortic arteriogram taken 10 hours after injury reveals 
complete occlusion of the left renal artery. 
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Fic. 3. Microphotograph of excised renal arterial segment shows 
intimal fracture (arrow) with subintimal hemorrhage and dis- 
section. 


with chilled Ringer’s lactate containing heparin, man- 
nitol, and indigo carmine is advised. The dye is helpful 
in determining peripheral cortical perfusion. 





Fic. 4. Aortic arteriogram performed at 7 days reveals a patent 
left renal artery and patency of all primary arterial segments. 
Arrows point to anastomotic site. Note, however, absence of a 
nephrogram and failure of visualization of the tertiary arterial seg- 
ments. This arteriogram is consistent with acute tubular necrosis. 


Fic. 5. Aortic arteriogram performed at 7 days with the patient 
in the left posterior oblique position shows anastomotic site (ar- 
row ). 
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Fıc. 6. Delayed film of aortic arteriogram taken at 7 days reveals 
faint delayed visualization of the left kidney. 
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Fic. 7. Intravenous pyelogram performed 6 weeks after injury 
shows good function and visualization on the 10-minute film. 
The kidney is approximately 2 cm. smaller than the right, but 
further shrinkage has not occurred, and the patient remains 
normotensive. 


Discussion 


Previous revascularization attempts have been unsuc- 
cessful, primarily because of delayed diagnosis and sub- 
sequent excessive renal ischemia. Nearly 50 per cent of 
the patients reported had no clinical evidence of major 
intra-abdominal or retroperitoneal injury. However, all 
patients on whom a urinalysis was performed had at 
least microscopic hematuria and albuminuria.” It is ob- 
vious, therefore, that intravenous pyelography should be 
mandatory in all patients with any degree of hematuria 
despite minimal evidence of external trauma. Renal 
angiography should immediately follow when a kidney 
does not visualize on intravenous pyelogram. : 

The mechanism of injury with intimal fracture and 
subintimal dissections secondary to torsion or angulation 
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has been previously discussed and is further supported 
in the case presented. Microscopic examination of ex- 
cised arterial segments has substantiated this effect in 7 
of the previously reported cases (Fig 3). 

Surgical excision of the injured segment with removal 
of the distal thrombus, perfusion, and an end-to-end 
anastomosis should be done in an effort to restore renal 
function. The possibility of retrograde perfusion through 
the renal vein in an effort to flush out small thrombi was 
considered, but results of animal experiments in our 
laboratory indicate that this is not feasible. The exact 
limit of ischemia time in these patients is unknown, but 
surgical intervention should take place within 12 hours 
of the time of injury and preferably earlier. 

Post-revascularization hypertension did not occur in 
this patient but must be considered during the post- 
operative period. 


Summary 


Seventeen cases of complete renal artery thrombosis 
following blunt trauma, particularly of the deceleration 
variety, have been reported previously. N early all lesions 
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of this variety are unilateral and usually involve the left 
kidney. An additional case is herein reported and repre- 
sents the first patient to undergo thrombectomy and re- 
vascularization with successful restoration of renal func- 
tion. 

Prompt recognition of the lesion and immediate sur- 
gical intervention are mandatory. All patients with evi- 
dence of microscopic hematuria following trauma should 
have an intravenous pyelogram, regardless of how 
minimal the external injury appears. 

Successful restoration with preservation of renal func- 
tion is enhanced by adherence to the principles of man- 
agement outlined herein. 
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Renal Allograft Rupture: 


Cause, Clinical Features and Management 


REGINALD S. A. LORD, M.D., F.R.C.S., F.R.A.C.S.,* DAVID J. 
EFFENEY, M.B., B.S.,** JAMES M. HAYES, M.B., B.S., F.R.A.C.P.,*** 


HIS REPORT reviews the features of 23 cases of spon- 

taneous renal allograft rupture while adding a de- 
tailed description of another case to the literature. The 
present case is the only example of allograft rupture 
occurring in a series of 280 cadaver renal transplants 
reported to the Australian National Haemodialysis 
Transplant Survey by several contributing hospitals in 
Sydney, New South Wales, until the date when the rup- 
ture occurred. Others have experienced this complica- 
tion more frequently."*"! 

Analysis of this information indicates certain common 
features which should lead to prompt diagnosis as well 
as indicating how renal allograft rupture should be 
managed. 


Case Report 


A 15-year-old Caucasian female was admitted to St. Vincent's 
Hospital, Sydney, in September, 1968, with end-stage renal dis- 
ease and an acute abdominal emergency suspected as being a 
perforated peptic ulcer. She was judged unlikely to survive a lap- 
arotomy and was therefore treated nonoperatively by nasogastric 
tube aspiration and hemodialysis. 

Abdominal signs gradually abated and she was subsequently 
maintained on twice weekly hemodialysis by means of an internal 
arteriovenous fistula. 

In June 1969, bilateral nephrectomy, vagotomy and pyloro- 
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plasty were performed without complication. Histologic exami- 
nation of the excised kidneys showed changes consistent with 
chronic pyelonephritis and atrophy of the renal parenchyma. 

During the next 16 months she was considered on several 
occasions for allograft implantation from various cadaver donors 
but on each occasion there was a high titer of circulating lympho- 
cytotoxic antibodies; the initial antibodies were anti- HL-A2 
which disappeared but later anti-HL-Al was detected. 

On the 16th October, 1970, at another institution, a right 
cadaver kidney was removed from a 20-year-old man who died 
after head injuries. The donor was blood group O.Rh positive and 
the recipient A:Rh positive. Two antigens were detected on the 
donor circulating lymphocytes which were not present in the 
recipient. Preoperative cross-match of the recipient serum versus 
donor blood lymphocytes was negative. Following cessation of 
respirator support to the donor, the right kidney was removed 
31 minutes after death and immediately cooled by perfusion 
with cold heparinized Ringer’s solution. The kidney was then im- 
mersed in the same solution until it was revascularised 134 min- 
utes later. 

The graft was implanted extraperitoneally in the left iliac fossa 
by a standard technic? except that the presence of an accessory 
lower pole renal artery required a Carrell type aortic patch anasto- 
mosis to the side of the external iliac artery. Continuity of the 
urinary tract was established by ureterneocystostomy. The kidney 
became pink and firm after release of the vascular clamps but 
no urine was secreted. The operation was uncomplicated and it 
was considered that all the anastomoses were satisfactory. Neither 
capsulotomy nor biopsy was carried out. 

Initial graft function was poor but by the fourth postoperative 
day the urinary output was greater than one liter and reached a 
maximum of 3.5 liters on the twelfth postoperative day. Thè 
serum creatinine and creatinine clearance showed parellel im- 
provement (Fig. Ei 
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On the ninth postoperative day, she complained of pain in 
the wound. The pain persisted and on the eleventh postoperative 
day pyrexia commenced with daily peaks as high as 39° C, ac- 
companied by leucocytosis (Fig. 1). On the 13th postoperative 
day, the left leg became swollen. With the objective of treating 
suspected iliac vein thrombosis, anticoagulation was commenced 
with intravenous heparin injection, 10,000 units initially and 
10,000 units every 12 hours plus Warfarin 5mg. orally once only. 

On the 14th postoperative day the graft was explored and was 
found to be swollen, measuring 14 X 7 x 8 cm. compared with 
125 Xx 7.5 x 5 cm. at the time of implantation. A hematoma 
containing approximately 500/ml. of blood was present around 
the graft, almost certainly from several sagittally oriented linear 
ulcers, each about 1 mm. deep on the convex border of the lower 
third of the kidney. The renal and iliac vessels were normally 
patent. The superficial ulcers were not bleeding at the time of 
exploration so after evacuation of the hematoma the wound was 
closed and anticoagulation was discontinued. 

During the next 12 hours blood transfusion was required to 
maintain normal blood pressure. Because of this continuing hemor- 
thage the wound was re-explored on the 15th postoperative day. 

The kidney was found to be ruptured to a depth of 3 to 4 mm. 
along the lower two-thirds of its convex (antihilar) border ( Fig. 
2), 

The graft was removed but the wound continued to ooze blood 
from multiple sites despite all efforts to arrest it. She died 20 
days after implantation from continued bleeding probably caused 
by disseminated intravascular coagulation which did not respond 
to transfusion of platelets and fresh frozen plasma. Intravenous 
vitamin Kı and protamine were also given and on the day prior 
to death heparin therapy was reinstituted. 

At postmortem examination there was a massive hematoma 
extending from the anterior abdominal wall through the retro- 
peritoneum and diaphragm into the anterior mediastinum. There 
was no evidence of leakage from any of the large vessels which 
were inspected and tested under pressure. Patency of the renal 
and iliac arteries and veins was confirmed. 

The excised renal allograft was sectioned sagitally and the 


Fic. 2. The ruptured renal 
allograft described in the 
Case Report. A. Diagram 
of the anterolateral sur- 
faces of the kidney. The 
rupture is longitudinally 
situated along the lower 
two-thirds of the convex 
border. B. Photograph of 
the kidney in sagittal sec- 
tion demonstrating that 
rupture occurred in the 
most swollen part of the 


kidney. 


oagittal 
Rupture 
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«DIALYSIS 
<IMPLANT 

|=PAIN IN WOUND 
—=PYREXIA 
"SWOLLEN LEG 

|= GRAFT EXPLORED 
“GRAFT NEPHRECT 
M@DIALYSIS 

“DEATH 





PLATELET COUNT 
cells per cu.mm. 


TOTAL WHITE CELLS 
1o°cells per cumm 


LYMPHOCYTES 
10? cells per cusmm. 





CREATININE CLEAR. 
ml.per min. 








SERUM CREATININE 


mg.per too 


PREDNISOLONE 
mg. per day 


AZATHIOPRINE 
mg. per day 





TIME IN DAYS 


Fic. 1. Chart showing the clinical course and relationship be- 
tween immunosuppressive treatment and the blood cell and renal 
allograft functional response. (See text, Case Report). 


lower two-thirds were observed to be swollen and con- 
gested in the area corresponding to the site of rupture (Fig. 2). 
The unruptured upper pole looked macroscopicly normal. There 
were no other abnormal gross features apparent either in the 
kidney, pelvis and ureter or the main vessels and their major 
branches. 

Histologically there was evidence of rejection which was most 
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TABLE 1. 


7 Living 
Donors 


16 Cadaver 
Kidneys 


Rejection Alone 

Severe 

Moderate 

Mild 
Ischemic Damage Alone - 
Mild Rejection plus Ischemia 
Biopsy 
Capsulotomy 
Cortical Infarcts 
Intrarenal Hemorrhage 
Ureteric Obstruction 
No Apparent Cause 
Inadequate Information 
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severé in the hoire part of the kidney. The arteries showed 
endothelial hyperplasia, prominent collections of foamy macro- 
phages and mononuclears and fibroblastic proliferation. Thrombus 
was present in many small veins and venules and in some vessels 
appeared to be undergoing . incorporation into the vessel wall. 
Extravasation of red cells from within venules was seen in the 
vicinity of the rupture. In the lower pole situated just anterior 
to the rupture there was an area of intrarenal hemorrhage meas- 
uring 20 mm. anteroposteriorly xX 10 mm. transversly. In the 
middle third of the kidney theré was a second area of extensive 
intrarenal hemorrhage measuring 35.mm. anteroposteriorly x 
12 mm, transversly X 45 mm. vertically. Both sites of intrarenal 
hemorrhage communicated with the external rupture, - 

The pre- and postoperative immunosuppresive regimen used was 
standard: azathiopririe 5 mg. per. Kg. and prednisolone 3 mg. per 
Kg. preoperatively; azathiopriné 2 mg. per Kg. per day and pred- 
nisolone according to chart (Fig. 1). This was supplemented by 
intravenous injections of betamethasone 12 mg. on the 14th, 
15th and 16th postoperative days. 


Discussion 


Since Wunderlich’s initial report in 1856, = approxi- 
mately 350 ruptures of nontransplanted kidneys have 
been described.** From the literature®1-18.20.21.22 and by 
personal correspondence! 245.7,10,28 the authors have 
acquired information concerning a total of 23 renal allo- 
graft ruptures that have occurred between 1963 and 
May 1972. These figures suggest that renal allografts 
are more liable to rupture than nontransplanted kid- 
neys. The highest incidence of. rupture was recorded 
by Murray and associates’? who described four rup- 


Number of Contributing Causes in Each of 23 Renal 


TABLE 2. 
* Allograft Ruptures 
Cadaver Living 
Kidneys Donors Total 

Multiple Causes 8 d 8 
Single Cause 4, 5 9 
No Cause Apparent -mm 2 2 
Inadequate Information 4 — 4 

16 7 23 
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TABLE 3. Time after Implantation when Rupture Occurred in 19 


Renal Allografts 
Within ist Day 
Days 2 to7 
Days 8 to 14 
Days.15 to.28 
: Late (151st Day) 
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tures occurring in 110 renal transplants (3.6%) and 
Salaman and associates? “1 (4.0%). 

Spontaneous rupture of the nontrarisplanted kidney 
has been ascribed to a variety of. causes including 
renal infection, infarction,’ neoplasms'** and arterio- 
pathies such as periarteritis nodosa,!® but the most com- 
mon predisposing condition is probably hydroiie- 
phrosis.®1° Rupture has also been attributed to intrarenal 
hemorrhage from rupttired renal artery aneurysm, anti- 
coagulants and blood dyscrasias.* In several instances 
no cause was detected!” and on at least two occasions, 
pregnancy has been held responsible.? - 

No single pathologic condition has been identified as 
responsible for allograft rupture. In this survey, 16 of 
the transplanted kidneys came from cadavers and seven 
were removed from living donors. This 2:1 preponder- 
ance could reflect the higher incidence of postimplanta- 
tion acute tubular necrosis and swelling registered by 
cadaver organs. Alternately it may simply represent the 
frequency of the donor types used in different centers. 

The duration of cold and warm ischemia did not cor- 
relate with a tendency to rupture. The ischemic times 
varied from immediate implantation with. living donors 
to less than 5 hours total ischemia with transported 
cadaver organs. The composition of the cold perfusate 
solution used in different centers differed considerably 
and also did not appear to be significant. Although 
adequate information was not available for analysis in 
every case, perfusion with solutions containing dextrans 
could conceivably lead to renal swelling’® and perhaps 
predispose to rupture. 

Biopsy: either at the time of implantation « or prior to 
rupture was a major factor leading to rupture in two 
cases.1821 In another case the surgeon believed that 
splitting the renal capsule initiated trauma to the kid- 
ney substance which ended in rupture. Capsulotomy 
was practiced in eight of the 23 cases so that it appears 
that this procedure neither protects against nor predis- 
poses to a tendency to rupture. Salaman and associates 
reported three cases of rupture in 74 renal allograft 
implantations in which capsulotomy was performed 
routinely24 and also observed 15 serious episodes of 
bleeding attributable to capsulotomy. Others have ob- 
served detrimental effects following removal of the renal 
capsule!® so that it is difficult to recommend capsulot- 
omy either as protection against the effects of renal 
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ischemia or as a preventive measure to minimize the like- 
lihood of allograft rupture. 

Rupture is not infrequent in experimental animals 
with grossly swollen allografts or xenografts which have 
been allowed to be rejected." Adequate information was 
available for 19 of the 23 cases and in ten of these there 
was histologic or other convincing evidence of rejection 
(Table 1). In three of the ten cases rejection was de- 
scribed as minimal and was considered unlikely to be 
the sole cause of rupture, Rejection was severe in four 
cases, one of which is the only known example of late 
rupture.’* Of the nine cases of early rupture associated 
with rejection, three kidneys showed initially poor renal 
function probably because of acute tubular necrosis or 
other anoxic damage. It seems therefore that severe or 
moderate degrees of rejection may lead to rupture but 
that mild rejection is an unlikely cause, except when 
there co-exists other pathologic changes such as anoxic 


injury, ureteric obstruction?! or trauma from biopsy or 


other surgical maneuvers. 

Seven ruptures including the previously mentioned 
three kidneys with signs of rejection occurred in grafts 
whose initial function was poor because of suspected 
acute tubular necrosis or more severe ischemic damage. 
Predictably most of these involved cadaver kidneys. 

There remain two other kidneys in which there was 
no apparent cause for rupture’’; one in which rupture 
was ascribed to cortical infarction the cause of which 
was uncertain? and four others for which information 
was not available. 

Rupture of kidneys from living donors tended to be 
identified with a single precipitating cause whereas mul- 
tiple factors were frequently present in ruptured cadaver 
organs (Table 2). 

Rupture most commonly occurred longitudinally 
(Table 3), along the convex border, usually to a depth 
of several millimeters (Fig 2). It has been suggested!” 
that rupture in this position could be caused by shear- 
ing strains related to the intrarenal architecture but a 
simpler explanation is that this site of rupture corresponds 
to the areas of greatest curvature where the tension is 
greatest (Fig. 3). 

Rupture of the nontransplanted kidney has occurred 
clinically as an acute abdominal catastrophe requiring 
immediate attention'’* or less urgently as a chronic cir- 
cumrenal haematoma or perinephric abscess.'® By con- 
trast all the allografts manifested themselves within a 
few days of rupture and the rupture usually occurred 
within 3 weeks of implantation (Table 4). 

Typical symptoms are pain and tenderness at the 
graft site, hypotension or other signs of blood loss, fail- 
ing renal function manifested by oliguria or anuria, 
and swelling beneath the implantation wound. The 
hematoma might also compress adjacent structures 
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Fic. 3. Mathematical model of a transverse section of the kidney 
to demonstrate why rupture most frequently occurs longitudinally 
along the convex border. 

Assume the surface at A and B can be approximated by circles 
of radii r; and re subtending angles 4; and 6. respectively, 


At A: 


Are Length, L = n 6 

Sector area, A = kn? 6, 

then, (d L/d A)r; ee a (1) 
At B: 

Similarly (d L/d A Jr: = Div (2) 


If sector areas increase at the same rate then, 
d lr:/d lr, = (d1/d A)r: (d A/d L)r 
by substitution (1) and (2) 
= rı/T2 


Hence rate of change of arc at A is greater than rate of change of 
arc at B. 


such as the iliac veins or ureter. Occasionally frank blood 
may seep through the wound. Not all these signs were 
present in every case but the combination of pain, hy- 
potension and oliguria occurred sufficiently often to 
constitute a highly suggestive diagnostic triad. 

Renal arteriography carried out while bleeding from 
the rupture site is in progress could be expected to show 
extravasation but its use has not been reported in allo- 
grafts. In nontransplanted kidneys arteriography has, 
demonstrated irregularity of the cortical margin at the 
site of rupture.* Intravenous and retrograde pyelograms 
and plain radiographs have also shown abnormalities 
such as calyceal distortion and soft tissue swellings.*.*:14 

Surgical exploration of the graft was carried out in 
every instance. Twelve of the 19 grafts for which adequate 
information was available were immediately removed 
with the subsequent death of two patients”? including the 
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TABLE 4. Site of Rupture in 19 Renal Allografts damage either alone, together, or combined with 
Convex Border, Longitudinal 16 other factors. 
Convex Border, Transverse 2 4, The rupture typically occurred in the longitudi 
Multiple Sites, Longitudinal 1 P YP y k 5! udinal 


one described in the case report (Table 5). In most of 
these cases, it was judged inadvisable to leave the graft 
in place because of uncontrollable bleeding or because 
the surgeon felt that the combination of rupture and its 
precipitating disease was hazardous. In some of the 12 
grafts such as those with severe rejection, it was felt 
that transplant nephrectomy was required because of 
the primary disease irrespective of the presence of rup- 
ture. 

Seven grafts were left in situ. In these patients the 
kidney was not bleeding at the time of exploration or 
alternatively the bleeding was controlled by suture, pres- 
sure or gel foam tamponade. 

Two of these seven grafts were subsequently removed. 
In one, the initial rupture occurred at 11 days in a kidney 
with moderate rejection. The rupture was repaired with 
apparent good result but the kidney reruptured on the 
23rd day.” The other kidney ruptured initially on the 4th 
postoperative day, it was repaired by suture but ruptured 
again on the 15th day and was removed because bleed- 
ing from the rupture site could not be controlled.” 

This experience indicates that if a ruptured renal allo- 
graft is left in situ, the patient should be carefully watched 
for rerupture within the next few weeks. 

In general, transplant nephrectomy was carried out 
if the precipitating cause was severe or judged ir- 
reversible or if the general condition of the patient was 
poor. Conditions which favored leaving the graft in 

place were the apparent reversibility of the initiating 
cause, absence of gross swelling and a patient in good 
general condition. 


Conclusions and Summary 


The pathologic and clinical features of 23 renal allo- 
graft ruptures have been analyzed. Several findings 
emerged. , 

1. Allograft rupture is more common than has been 

realized. 

2. The condition occurred more frequently in grafts 

from cadaver organs. 
« 3. A variety of pathologic causes were held responsible 
but the most frequent were rejection and ischemic 


TABLE 5. Methods of Treatment used in 19 Ruptured Renal 
Allografts 
Number Mortality 
Graft Removed 12 2 
Graft Preserved 7 — 





axis along the convex border. 

ð. Rupture usually occurred within 3 weeks of im- 
plantation. 

6. The clinical presentation was leas acute. Pain, 
oliguria and hypotension were a frequent triad of 
symptoms. 

7. Management was either immediate nephrectomy or 
control of hemorrhage leaving the graft in place. 
If the latter practice is carried out ede re- 
rupture may occur. 

8. The overall mortality was 9 per cent and the early 
graft loss was 74 per cent. 


Acknowledgments 


The authors wish to thank all who responded to their written 
enquiries, especially those who contributed information and whose 
names appear in the list of references, Dr. E. Kraegan kindly 
supplied the mathematical treatment shown in Figure 3. Dr. 
Mary Ralston carried out meticulous histologic examination of the 
ruptured allograft. 


- Addendum 


Since the manuscript was submitted for publication 
we have received details of three additional allograft 
ruptures from Dr. Campbell Maclaurin of Auckland Hos- 
pital, New Zealand. The donor kidneys in each case came 
from cadavers and the recipients were males aged 23, 
25 and 45 years. Rupture occurred on the fifth, fifth and 
third days postimplantation respectively. In the first two 
cases the kidneys ruptured longitudinally along the 
convex border and in the third case, longitudinally in 
the flat posterior surface. Graft nephrectomy was carried 
out for bleeding which could not be controlled in the 
first and third patients, but in the second patient hem- 
ostasis was achieved by tamponade with hammered 
muscle pressed into the site of rupture. All three patients 
survived. 
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Bilemia: 


An Unusual Complication of Bile Ducts Stones 


HE SUDDEN OCCURRENCE of a fistula between the 
Ilo duct and the portal vein in a patient with 
choledocholithiasis, and the consequential massive 
bilemia resulting in shock and death has not, so far as 
we are aware, previously been reported in the literature. 

Post-miortem examination of jaundiced patients have 
on occasion demonstrated microscopic pulmonary bile 
emboli, but these have never been considered as the cause 
of death.’ Conversely the finding of pulmonary bile em- 
boli and sometimes even liver fragments following he- 
patic trauma! and liver biopsy* have been reported as 
the cause of death. 


Case Report 


A 72-year-old woman was admitted with a 3-day history of 
severe pain in the right upper quadrant and jaundice. During 
the year prior to admission she had suffered intermittent attacks 
of pain in the same area associated with fever, but no jaundice. 
Examination revealed an elderly lady in good general condition, 
moderately jaundiced, and afebrile. The abdomen was generally 
tender with maximal tenderness in the right upper quadrant. 
There was no rigidity or rebound tenderness and a mass was not 
palpable. Bowel sounds were present. A straight X-ray revealed 
radiopaque gallstones. Laboratory findings: Hb 13.5G, Hematocrit 
49.8. W.B.C. 12000, Glucose 116, and the blood urea 63. The 
serum electrolyte were normal. The serum bilirubin was 5.7 
mg. of which 5.2 was direct. A conservative regimen was 
decided upon. On the second day she suddenly went into severe 
shock which was believed to be either due to overwhelming sepsis 
or acute fulminating pancreatitis. Despite vigorus resucitative 
measures she died within 5 hours of the onset of shock. Post- 
mortem revealed a perforation of the left hepatic duct into the 
portal vein caused by a small stone which was found at the 
site of the perforation (Fig. 1). An extensive area of the portal 
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vein wall was bile stained; and bile had collected around the site 
of the fistula. In addition extensive hematoma was present in 
the left lobe of the liver (Fig. 2). Two small stones were found 
impacted at the lower end of the common bile duct; the gall- 
bladder contained many small stones. Bile pulmonary emboli 
were not found. 


Comment: 


A fistula between the bile ducts and the blood vessels 
is not an extreme rarity following trauma, but in such 
cases blood flows into the biliary system resulting in 
hemobilia. Bilemia, due to the flow of bile into the circu- 
lation following the establishment of a non-traumatic “fis- 
tula” has not, so far as we are aware, been previously 
recorded. Following the occurrence of a fistula between 
the bile duct and the portal venous system it is to be 
expected that blood will flow into the biliary system 
because of the higher pressure in the portal vein. How- 
ever, in the case described above the pressure in the bili- 
ary system would be higher than that in the portal system 
because of the obstruction in the lower end of the com- 
mon bile duct, caused by the impaction of calculi. 

It is not certain whether the severe shock and death 
was due to the presence of bile alone in the circula- 
tion. Bile salts are known to be harmless if given in- 
travenously. Brown and Walsh? injected 4 cc. of human 
bile intravenously into a large rabbit and death resulted 
in about 1 minute. Post-mortem examination revealed the 
presence of pulmonary bile emboli. In the case described 
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Fic. 1. Inferior surface of hilus of liver. Left hepatic bile duct 
is on the left (left to the needle), and upwards. Right to needle is 
the portal vein with hematoma around it. Site of perforation is 
immediately above the needle. Stones were taken out during 


photography. 


above there exists also the possibility that the bile was 
infected as a result of common duct obstruction. It is to 
be noted, however, that during the 2-day period of hos- 
pitalization prior to the onset of shock, she had remained 
entirely afebrile. 

It is of interest to note that removal of the intravenous 
catheter after death was followed by prolonged bleeding 
of bile stained blood. 

It remaines to be stressed that the “fistula” between the 
hepatic duct and the portal vein resulted from a recent 
perforation which must have occurred only hours before 
death. The hematoma around the site was clearly of re- 
cent origin, as was the biliary leakage into the surround- 
ing tissues. It is postulated, therefore, that shock was due 
to the sudden catastrophic flooding of the circulation 
with bile. 
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Fıc. 2. Extensive hematoma in the left lobe of the liver, around 
the site of perforation. 


Summary 


An unusual fatal case of performation of the hepatic 
duct into the portal vein by a gallstone is reported. The 
possibility that death resulted from bilemia is discussed. 
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Subtotal Portacaval Shunt Obliteration for 
Chronic Hepatic Encephalopathy 
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HRONIC HEPATIC ENCEPHALOPATHY has been a fre- 
quent complication of portasystemic vein shunts. 
In the majority of cases, the exogenous form of enceph- 
alopathy has been clearly related to the absorption of 
nitrogen breakdown products, primarily ammonia, from 
the gut. Unlike spontaneous or endogenous encephalop- 
athy associated with primary hepatic cell failure, the 
problem can be controlled satisfactorily in two-thirds of 
patients by careful medical management such as dietary 
protein restriction, oral antibiotics, regular purgation, 
oral cation exchange resins, and lactulose administra- 
tion.®? Failure to control this process by these conven- 
tional forms of therapy has prompted colon exclusion or 
resection with favorable results in selected patients.?" 
This communication reports an additional and more 
direct method for reversing chronic exogenous hepatic 
encephalopathy following portasystemic vein shunting, 
namely direct closure of the shunt. The procedure may 
prove applicable to a small and highly selected group. of 
patients in whom medical therapy is not successful. 


Case Report 


The patient was a 38-year-old woman with biopsy-proven post- 
necrotic cirrhosis who in 1962 had undergone a “prophylactic” 
side-to-side portacaval shunt. No history of gastrointestinal bleed- 
ing or encephalopathy was obtained prior to this procedure al- 
though mild ascites had been present on one occasion. Following 
c&nstruction of the portacaval shunt, she had no variceal bleeding 
or ascites but had hed 19 admissions to The Ohio State University 
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Hospitals for treatment of hepatic encephalopathy in addition to 
several admissions to other hospitals for the same problem. Out- 
patient therapy between hospitalizations consisted of a 20 Gm. 
protein, sodium restricted diet, regular purgation, and chronic 
antibiotic regimens (primarily neomycin sulfate and tetracycline). 
A diagnosis of hypersplenism had been made in 1963 and splenec- 
tomy was carried out without significantly altering the moderate 
thrombocytopenia or anemia. Documentation of hepatic enceph- 
alopathy had been obtained on all admissions by repeated demon- 
stration of the classical abnormalities including: (1) Behavioral 
alterations ranging from confusion to coma, (2) asterixis, (3) 
fetor hepaticus, (4) hyperflexia; (5) Babinski reflexes, (6) ab- 
normal electroencephalograms, and (7) markedly elevated blood 
ammonia levels from 220-350 yg./100 ml. (normal 30-120 ug./ 
100 ml.). Dietary indiscretions often preceded admission but no 
excessive ethanolism was present. A brief trial diet of lactulose and 
sorbitol had not altered the patient’s clinical course. Tests of liver 
function remained relatively stable during this period with mild 
hypoalbuminemia, normal serum bilirubin levels, prothrombin 
times ranging from 40 to 70% of normal (easily corrected with 
parenteral vitamin K), and serum enzymes (lactic dehydrogenase, 
glutamic oxalacetic and glutamic pyruvic transaminases, alkaline 
phosphatase) which were either within normal limits or slightly 
elevated (Table 1). Each episode of encephalopathy responded 
within 2 to 10 days to aggressive medical therapy. 

Because of the increasing frequency of encephalopathy, despite 
relatively adequate and stable hepatic function, colon resection 
or obliteration of the portacaval shunt was considered. The 
former was refused by the patient and in January, 1972, the 
portacaval communication was obliterated by direct clipping and 
over-sewing of the shunt (Fig. 1). Preoperative selective catheri- 
zation of the shunt (Fig. 2) showed no portal vein flow into 
the liver. Intraoperative angiography, however, demonstrated a, 
patent intrahepatic portal vein with centrifugal flow. An additional 
selective supérior mesenteric artery angiogram done three weeks 
postoperatively (Fig. 3) showed a patent portal vein with a 
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TABLE 1 
Preoperative Postoperative 
(Range) (Days) 
1963-1972 —2 OR +1 +3 +7 +13 +19 +25 

SGPT! 9-37 22 16 38 32 21 15 19 17 
SGOT? 37-64 64 48 70 67 58 61 56 51 
Bilirubin 0.4/1.1-1.4/4.4 0.5/1.3 1.4/3.7 1.6/4.7 4.4/8.8 1.4/3.8 1.2/2.0 0.9/1.6 

mg./100 ml. 

(Direct /Total) 
NH;3 234-350 201 196 129 129 154 137 155 134 

(ug/100 ml. 
Albumin 2.2-4.2 3.1 — a 3.4 3.0 ios 2.9 3.4 

(Gm./100 ml.) 
Prothrombin 59-70 82 68 72 66 72 60 69 72 

Time 

(% Normal) 
Preoperative* Abnormal — -— — — — — = — 

E.E.G. (7 Admission 

Tracings) 

Protein Intake 20-40 (+) 0 0 0 0 20 40 70 70 


(Gm.) 


* Electroencephalogram: Generalized, diffuse dysrhythmia, grade II-IV, with no alpha rhythm. 


1SGPT—Serum glutamic pyruvic transaminase (norm. < 25) 
2 SGOT—Serum glutamic oxalacetic transaminase (norm. < 40) 
3NH;—Blood Ammonia (norm. 30-120 ug /100 ml.) 


small (less than 15% total flow) communication through the old, 
side-to-side portacaval shunt. Intraoperative portal pressure mea- 
surements were 10 cm. H:O prior to shunt closure and 25 cm. 
H:O after closure. No varices were noted on the postoperative 
angiogram or on subsequent esophagrams. The postoperative 
course was uncomplicated and she was discharged on a 70 Gm. 
protein diet without antibiotics. Liver function studies showed 
only a transient postoperative rise and are depicted with blood 
ammonia levels in Table 1. At 3 months follow-up, she is 
asymptomatic and tolerating a 70-80 Gm. protein diet without 
encephalopathy. Ascites or varices have not been documented 
to date. 


Comment: 


Portasystemic vein shunts have proven to be very 
effective in controlling hemorrhage from esophageal 
varices. Unfortunately, several studies have questioned 
whether such treatment prolonged survival.t°* Hepa- 
tic failure, primary and/or exogenous, has occurred fre- 
quently with significant morbidity and mortality in 18% 
to 60% of surviving patients.'°1%14 

The recognition of encephalopathy following a porta- 
caval shunt was reported experimentally by Hahn in 
1893.7 Subsequently, this relationship was clarified and 
its role in hepatic failure expanded to encompass not 
only an acute process related to dietary nitrogen intake, 
but also a late hepatic cellular dysfunction, possibly 
from primary alterations in liver perfusion. In addition, 
specific alterations in cerebral morphology have been 
documented in man and in canine and non-human pri- 
fate experimental models in which portacaval shunts 
have been produced." 

In long-term survivors of portasystemic vein shunts, 


incapacitation by exogenous encephalopathy which has 
failed to respond to adequate medical management has 
represented an unacceptable post-operative complica- 
tion, distressing both to the patient and physician and 
difficult to treat. This has been especially true of long- 
term survivors of “prophylactic” shunts in whom the 
primary problem was the presence of non-bleeding var- 
ices or ascites rather than significant, recurrent hemor- 
rhage. This complication has prompted, justifiably, the 
abandonment of the so-called “prophylactic shunt.” In- 
creasing use of selective or distal splenorenal shunt 





Pic. J, 


Intra-operative photograph of side-to-side portacaval 
shunt. Clamp is placed behind shunt; IVC—inferior vena cava 
PV-portal vein. 





Fic. 2. Catheter inserted selectively into the portal vein from 
the inferior vena cava through a percutaneous femoral vein ap- 
proach. No dye could be visualized in the proximal portal vein 
nor could the catheter be manipulated into this segment. All 
superior mesenteric vein flow entered the infrahepatic vena cava. 


combined with selective gastric devascularization may 
obviate post-portacaval shunt encephalopathy in many 
patients with portal hypertension.’ Unfortunately, long- 
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term studies in significant numbers with this form of 
decompression have not yet appeared. 

The authors feel that a select, small group of patients 
may benefit from closure of a previously constructed 
portasystemic vein shunt if post-shunt encephalopathy 
proves incapacitating. Criteria for this procedure should 
include: (1) Failure to respond to reasonable, exhaustive 
and comprehensive medical management, (2) absence 
of a history of significant variceal bleeding, and no cur- 
rently demonstrable varices, (3) abstinence from hepa- 
totoxins, (4) adequate hepatic function, i.e. clotting 
studies, enzymes, bilirubin, albumin should fall within 
normal limits or be easily correctable, and (5) a tech- 
nically reparable shunt (side-to-side portacaval with a 
non-thrombosed proximal hepatic protal system or clas- 
sic splenorenal shunt). Should variceal bleeding occur 
at a later date, an aggressive approach such as a central 
or distal spleno-renal or mesocaval shunt remains feas- 
ible. 


Summary 


Portasystemic vein shunting has been documented 
clearly as one of several factors producing hepatic en- 
cephalopathy. Failure to respond to adequate and rea- 
sonable medical management may produce severe de- 
bilitation in a small but significant group of patients. 
This communication describes a patient incapacitated by 
post-shunt encephalopathy in whom a side-to-side “pro- 
phylactic” portacaval shunt had been constructed. Lack 
of response to medical therapy including a permanent 
20 Gm. protein diet prompted direct surgical closure of 
the shunt with encouraging early results. Criteria for ap- 
plication of this procedure should be firm and the pro- 
cedure limited to a highly selected group of post-shunt 
patients. 


Addendum 


Four months postoperatively, the patient was read- 
mitted to the hospital because of severe hypertension, 
shortness of breath, and substernal chest pain. Arrhyth- 
mia and presumed myocardial infarction occurred shortly 
thereafter and the patient died. Permission for post- 
mortem examination was not granted. 
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Management of Congenital Lymphedema in 


Te FORMS of idiopathic primary lymphedema that 
produce edematous swelling of the limbs have been 
described. Whereas lymphedema praecox usually first 
appears after puberty and lymphedema tarda character- 
istically has its onset after the age of 35, the more un- 
common congenital lymphedema usually is present at 
birth. The comparative frequency of these three forms 
of primary lymphedema was indicated by Allen and as- 
sociates' who reported 105 patients with primary lym- 
phedema, only 12 (11%) of whom had the congenital 
form. Similarly, Kinmonth ét al." found only 12 patients 
with congenital lymphedema from a series of 107 pa- 
tients with primary lymphedema. When congenital 
lymphedema is hereditary, it has been designated as 
Milroy’s disease, based upon a report- in 18928 that de- 
scribed 22 cases of hereditary asymptomatic edema of 
the lower extremities in a family with 97 members. 
Although the exact pathophysiology of congenital 
lymphedema has not been clearly described, it is believed 
to be due to an underdevelopment of the superficial 
lymphatic system. This concept has been verified by 
lymphangiographic studies and the system further sub- 
divided into lymphatic aplasia, hypoplasia, and varicos- 
ities.” In the normal extremity, subcutaneous lymphatic 
channels accompany the main superficial veins to the 
regional lymph nodes in the groin or axilla.?® Similarly, 
deep lymphatic trunks accompany the deep blood ves- 
sels of the extremities. There are few, if any, communica- 
tidns between the two systems except at the level of the 
popliteal fossa, the adductor canal, and the supratroch- 
lear nodes of the arm,?®? In congenital lymphedema, 
the hyoplastic or absent superficial lymphatic network 
of the involved extremity is: unable to collect lymph, 
which then pools in the subcutaneous fat until the tissue 
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oncotic pressure exceeds the superficial venous osmotic 
pressure, and venous decompression occurs, The deep 
lymphatic system of the extremities in congenital lymph- 
edema appears to be normal, in contrast to lymph- 
angiomas which almost invariably extend through muscle 
and fascia. The commonly observed clinical phenom- 
enon of absence of edematous swelling of the muscular 
compartment beneath the deep fascia in patients with 
congenital lymphedema has been noted previously.® 

The present report simmarizes the 15-year clinical ex- 
perience with 25 infants and children under 18 years of 
age with congenital lymphedema who have been treated 
at the UCLA Hospital and substantiates previous ob- 
servations regarding the management of this malforma- 
tion.4 


Clinical Experience 


Eight of the children in the study had one or more 
relatives with some degree of lymphedema of one or 
more extremities, although not necessarily the same limb 
as the patient, and most likely satisfy the criteria for 
Milroy’s disease. The congenital nature of the malforma- 
tion was suggested by the fact that the edematous swell- 
ing was observed at birth or shortly thereafter in 19 pa- 
tients and by the age of 2 years in all children. There 
were 16 females and nine males in the series. Although 
none of the patients was obese, most were above the 75th 
percentile for weight in their age group, and all were 
above the 25th percentile for height. The right lower ex- 
tremity alone was involved in 11 patients, the left leg 
in seven, both legs in six children, and the left arm in ° 
one infant (Fig. 1). The location or extent of the edema 
showed no correlation with the age of onset. When 
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both legs were involved, the. swelling usually was sym- 
noteical in distribution, although one leg was frequently 
more swollen. In only one instanee-did nis swelling ap- 
pear to progress out of S to the patient’s general 
body growth beyond the first 2 years of life. In two pa- 
tients, the pressure of the edematous subcutaneous tis- 
sue produced a considerable separation between the 
metacarpal or metatarsal bones (Fig. 2). Diaphoresis be- 
tween the toes was surprisingly uncommon, and foot 
infection or ulceration was infrequent. Rarely was the 
plantar surface of the foot or the volar surface of the 
hand involved. Skin appendages appeared to grow at a 
normal rate in all patients, and the skin itself was smooth 
and normal in texture and usually did not “pit” with 
pressure. 

Cosmetic deformity and swelling of the dorsum of the 
foot that made wearing of shoes difficult and uncomfort- 
able were the initial complaints in most patients. The 
swelling did not appear to interfere with gait in any of 
the children. Although a few patients experienced a very 
slight increase in the edema after prolonged ambulation, 
five children noted that the swelling was less prominent 
after exercise. Two of the patients had chylous ascites 
which was managed successfully with diuretics and < 
diet devoid of long chain fatty acids. None of the children on 
had associated cy ic hygromas, lymphangiomas, or hem- 
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angiomas. Two children with edema involving the foot Fic. 2. Roentgenogram showing displacement of metacarpal bones 
£ ' from lymphedema. 





and calf developed intermittent mild episodes of lym- 
phangitis when they were beyond 7 years of age. Serum 
protein and serum immunoglobulin levels were normal 
in all patients who were examined. 

Arterial pulses in the involved extremities were normal 
by palpation in all patients and by Doppler recordings 
in the eight patients in whom they were measured. There 
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Fıc. 3. A, top) Forearm of l-year-old baby girl with congenital 
Fic, 1. Congenital lymphedema of right foot in a 9-month-old lymphedema. B, bottom) Appearance 1 year following sub- 
baby girl. cutaneous lymphangiectomy. 


282 


was no evidence of venous distention or varicosities in 
any of the patients. Four children had venograms per- 
formed, and two others had arteriograms; all were 
normal. However, lymphangiograms were attempted on 
seven children, and in each case the Evan’s blue dye 
injected between the web space of the toes diffused about 
the dorsum of the foot without filling any identifiable 
lymphatic vessels, indicating lymphatic aplasia.* The dye 
remained in the subcutaneous tissues of the foot for 
several months in all patients and for more than 4 months 
in two children. An attempt was made to dissect the lym- 
phatic vessels in two of these patients, but in neither 
could any’ channel be found. Bone roentgenograms 
showed neither abnormalities nor change in size from 
the contralateral extremity in any patient, although the 
metacarpals or metatarsals occasionally were separated 
more widely than usual. 

Nonoperative measures were universally recommended 
during the first year of life since the extent of the mal- 
formation frequently was not evident until then. The 
majority of the children did not have swelling severe 
enough to warrant operation. Elastic support stockings 
were of benefit in only two of the nine patients. Weight 
loss by dietary restraint was helpful in reducing the 
severity of the edema in two girls. Foot elevation is not 
practical in children and was not of significant benefit 
to any patient in the present study. In extremities with 
moderate to severe swelling which interfered with wear- 
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ing of shoes, subcutaneous lymphangiectomy was per- 
formed during the second or third year of life. 

Six children in the present study underwent sub- 
cutaneous lymphangiectomy under general anesthesia; 
three have required two or more stages. Tourniquet 
control was used effectively to minimize blood loss in the 
final three patients in the series. Thin skin flaps were 
developed, and the edematous subcutaneous tissue was 
excised down to the underlying fascia. Numerous ven- 
ous plexuses traversed the edematous tissue, and it was 
necessary to give blood transfusions in almost all in- 
stances. Careful hemostasis is necessary to minimize the 
development of fluid under the skin flaps. Subcutaneous 
wound catheters were attached to suction drainage for 
3 to 5 days postoperatively, and the extremity was 
wrapped with elastic bandages and elevated for several 
weeks. Ambulation was started 7 to 10 days postopera- 
tively. Nonetheless, three patients experienced retarded 
wound healing and persistent serous drainage which sub- 
sided during the ensuing 6 weeks. Diuretics were helpful 
in reducing the severity of the lymphatic drainage. This 
complication was most common when a large residual 
segment of edematous tissue was left. Broad spectrum 
antibiotic agents were given for 5 days after operation. 
The cosmetic appearance was considerably better 1 
year postoperatively in each patient than preoperatively 
(Figs. 3A and B). 

Omental transposition to the thigh and lower leg, as 


Fic. 4. A, left) The su- 
perficial fascia from an 
older patient (17 years) 
showing irregular fibrous 
septa, within which are 
scattered dilated lym- 
phatic spaces. (H & E 
x36). B, right) A di- 
lated lymphatic showing 
valves. (H & E x135). 
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Fic. 5. A, left) A small 
thick-walled vessel con- 
taining valves unusual for 
a vein of this caliber. 
(H&E x135). B, right) 
Blood-containing vessels, 
questionably venous or 
lymphatic in nature. (H 
& E x135). 


Fic. 6. A, left) Large di- 
lated lymphatics from 
deep dermis containing 
red blood cells. (H & E 
x135). B, right) Thick- 
walled vessel, probably a 
vein. Lumen replaced by 
multiple small channels, 
possibly representing an 
organized and recanal- 
ized thrombus. (H & E 
135): 
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described by Goldsmith and associates, was performed 
on a 15-year-old girl with lymphedema extending to the 
hip. This procedure was selected because of the smaller 
magnitude of the operation and the more favorable 
cosmetic appearance of the wound as compared to lym- 
phangiectomy. Although a transient decrease occurred 
in the swelling postoperatively, this was believed to be 
related to a decrease in ambulation and wearing of 
elastic support stockings, and the swelling gradually re- 
turned to the preoperative level. Both clinical experience 
and pathophysiologic considerations suggest that omen- 
tal transposition is not a suitable operation for patients 
with congenital lymphedema. 


Histopathology 


Review of specimens removed from six patients in the 
present study showed an unusual microscopic appearance 
not commonly seen in other forms of lymphatic disorders. 
Progressive transection of the superficial fascia by fibrous 
bands separating lobules of fat was present in all patients, 
including the youngest (17 months). It was most pro- 
nounced in the oldest (17 years) (Fig. 4A). Irregularly 
dilated lymphatic spaces and channels frequently were 
associated with these septa but varied considerably in 
extent, both from one patient to another and within the 
affected tissues of a single patient. Many of them con- 
tained valves (Fig. 4B) or had investing tunics of smooth 


FONKALSRUD AND COULSON 





Ann. Surg. « March 1973 


Fic. 7. A, left) Multiple 
dilated lymphatics sur- 
rounding a sweat-gland, 
in middle dermis ( 3-year- 
old patient). (H & E 
x135). B, right) Skin 
from older patient (17 
years) showing dermal 
fibrosis with scattered di- 
lated lymphatics. (H & E 
x36). 


muscle cells, making difficult their separation from small 
veins (Figs. 5A and 5B). This confusion was enhanced 
by the presence of red blood cells within many of these 
channels (Figs. 5B and 6A). The association of lym- 
phatic spaces and surrounding blood-filled capillaries 
within fat lobules was frequently remarkable, producing 
a notable increase in vascularity. Both veins and arteries 
appeared to be thicker walled than usual, and at least 
one vessel showed well-developed recanalization, pre- 
sumably post-thrombotic (Fig. 6B ). 

Involvement of the overlying skin varied from focal 
honeycombing of the reticular dermis by ramifying 
dilated lymphatics (Fig. 7A) to diffuse moderate fibrosis, 
yet containing scattered dilated vessels (Fig. 7B). Focal 
aggregates of lymphocytes occasionally were found in 
younger patients with slightly heavier focal perivascular 
infiltration of lymphocytes and plasma cells in the older 
tissues, especially in one patient who had experienced 
lymphangitis. i 


Summary 


Twenty-five children with congenital lymphedema 
have been treated at the UCLA Hospital during the past 
15 years, This uncommon malformation is due to an ab- 
sence or hypoplasia of the superficial lymphatic system* 
and usually involves the feet, lower legs, and occasion- 
ally the hands and forearms. Lymphangiograms per- 


Vol. 177 « No. 3 


formed on seven patients showed no functioning lym- 


phatic channels in the subcutaneous tissues. The swelling 
is almost invariably present within the first year of life, 
is not associated with hypertrophic cutaneous changes, 
and rarely is complicated by lymphangitis. 

Nonoperative measures, including weight loss, elastic 
stocking support, physical activity, and diuretics were 
of slight benefit in a few patients. Subcutaneous lym- 
phangiectomy was performed on six patients and is re- 
commended for cosmesis, inability to wear shoes, and 
recurrent lymphangitis. 
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Lumbar Sympathectomy and Cold Acclimatization 


by the Arctic Wolf 


KENNETH G. SWAN, LTC, MC, ROBERT E; HENSHAW, PhD.* 


HE ABILITY of the arctic animal to withstand extreme 
Tau has been correlated with seasonal alterations in 
metabolism and “critical temperature” as well as changes 
in fur thickness and habitat.+1° The foot of the adult 
arctic wolf has been observed to tolerate exposure to 
extreme cold (—30° C) for many hours without appar- 
ent cold injury. This phenomenon is characteristic of 
other arctic carnivores'! and is apparently facilitated 
through a thermoregulatory mechanism which permits 
the temperature of the foot to drop near, but not below, 
the point of tissue freezing (ca. 0° C).1° In contrast, the 
domestic dog!’ and rabbit® experience a progressive fall 
in foot temperature which ultimately reaches the en- 
vironmental temperature causing cold injury. Since im- 
mature wolves exhibit a response similar to the domestic 
dog™! the phenomenon is presumably an adaptative 
mechanism as opposed to an inherited characteristic. 
This point is strengthened by studies in the arctic husky 
which behaves like the adult wolf in response to cold 
exposure.'” Since the arctic animal is exposed to severe 
cold in the winter months this acclimatization process is 
necessary for survival. The foot pads of the wolf, stand- 
ing on ice-covered tundra, subjected to high winds, are 
exposed to temperatures well below freezing (—30° C) 
for sustained periods of time. Without the adaptive fa- 
cility to maintain foot temperature near 0° C, irreversible 
cold injury would transpire rapidly. 


e Submitted for publication December 23, 1971. 

This work was sponsored by The Arctic Institute of North 
America with the approval and financial support of the Office 
of Naval Research under contract N 00014-70-A-0219-0001, 
subcontract ONR-380. 

* Present address: Department of Biology, College of Science, 
The Pennsylvania State University, University Park, Pennsylvania. 

Request reprints: Kenneth G. Swan, LTC, MC, Division of 
Surgery, Walter Reed Army Institute of Research, Walter Reed 
Army Medical Center, Washington, D. C. 20012. 


From the Walter Reed Army Institute of Research, 
Walter Reed Army Medical Center, Washington, 
D.C. 20012, and the Pennsylvania State University, 
University Park, Pennsylvania 16802 


In the non-cold acclimatized animal, including man, 
the response to cold exposure is cutaneous vasocon- 
striction?® which, if sustained, results in cold injury. In 
contrast, cold acclimatized man, has “cold-induced vaso- 
dilation” in his extremities.® Since the cold acclimatized 
animal can maintain his foot temperature at or above 
ambient temperature, despite direct contact with sub- 
freezing surfaces, the presumption is made that he ex- 
hibits vasodilation rather than vasoconstriction in such 
areas as the foot pad. While direct evidence of cutane- 
ous vasodilation in response to cold is lacking in the 
arctic wolf, indirect evidence lends support to this being 
the only possible mechanism for supplying heat to the 
cold exposed extremity. Blood volume in the extremity 
does not decrease!” but rather actually increases’ in cold 
exposed feet; and the vascular architecture of the pads 
provides for shunting of blood to, rather than away 
from, the exposed surface.'° 

The mechanism which regulates the vasodilator re- 
sponse is not known. However, the possibilities include 
neurohumeral control as well as release of local vaso- 
dilator substances. Direct evidence favoring sympathetic 
vasodilation in the arctic mammal is not available; how- 
ever, recent studies in the giant petrel of the antarctic 
indicate that this species is provided with a sympa- 
thetic mediated vasodilator response to cold and that 
this mechanism provides heat to the skin of the foot ex- 
posed to freezing temperatures."* f 

The present study was designed to evaluate the role 
of the sympathetic nervous system in cold acclimatiza- 
tion in the arctic wolf. Specifically, the contribution of 
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the adrenergic nerve supply to the extremity experienc- 
ing cold stress was evaluated. 


Methods 


Two adult arctic wolves (Canis lupis) were the sub- 
jects of this investigation. They were raised out of doors 
and then exposed to prevailing temperatures which aver- 
age 5° C in summer and —35° C in winter months. The 
small sample size was necessitated by the fact that this 
animal is among the currently endangered species of 
North American carnivores as well as arctic inhabitants 
and the supply for experimental purposes is very lim- 
ited. The wolves were immobilized with Sernylan ( phen- 
cyclidine hydrochloride, Bio Ceutic Laboratories, St. 
Joseph, Missouri), 2.0 mg.Kg.-! The dose was delivered 
intramuscularly (Cap-Chur syringe projector, Palmer 
Chemical Equipment, Atlanta, Georgia). Anesthesia 
was maintained with alpha chloralose (J. T. Baker 
Chemical, Phillipsburg, New Jersey), 50 mg.Kg.," in 
isotonic saline, intraperitoneally. The animals were then 
suspended in a prone position through a rope net which 
permitted immersion of the left hind foot in a liquid 
coolant consisting of equal parts of ethylene glycol, 
ethyl alcohol, and water. Dry ice was added to this 
coolant to provide a constant stirring action and to 
maintain the temperature near —30° C. Temperature 
sensing probes (thermistors, Yellow Springs Instru- 
ments, Yellow Springs, Ohio) were taped to the pads of 
the foot and third toe in such a manner that contact was 
maintained without producing a tourniquet effect. Each 
thermistor was insulated from the bath with a stryo- 
foam cover five mm. thick, The thermistors permitted 
continuous temperature monitoring with a resolution of 
0.2° C. A heat flux transducer, consisting of a thermo- 






Fic. 1. The wolf was sup- Rope Net 


ported prone in a rope 
sling which permits im- 
mersion of the hind foot 
in a cold bath. Rectal 
temperature and contra- 
lateral foot pad tempera- 


were rec od. 
ture e recorded Table 
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pile (Thermonetics, San Diego, California), was at- 
tached to the same foot pad with appropriately win- 
dowed tape. The transducer was factory calibrated at 
plus or minus 10% accuracy. It was connected to a milli- 
voltmeter (Keithly Instruments, Lexington, Kentucky) 
and recorder (Heath Instruments, Benton Harbor, Mich- 
igan). Heat exchange was expressed in watts per square 
meter. An additional thermistor was placed on the foot 
pad of the contralateral hind limb as well as one in the 
bath. A rectal thermometer was inserted. The prepara- 
tion is schematically represented in Figures | and 2. 

Following control measurements of temperatures, heat 
flux, and pulse, the hind foot was submerged in the 
coolant to the level of the talus. The temperature of the 
foot pad drifted down to approximately 0° C in a few 
minutes; the immersion was then continued for an addi- 
tional 60 minutes, Measurements were recorded every 
15 minutes. After removal of the foot from the bath, re- 
cordings were made at each of two subsequent 15- 
minute periods. 

Following three exposures to cold a left lumbar sym- 
pathectomy was performed extraperitoneally through a 
flank incision. The segment excised consisted of approxi- 
mately four ganglia; the anatomy was confirmed by his- 
tological examination of the excised specimen. After one 
week’s recovery from the operative procedure, the 
wolves were again subjected to three separate cold im- 
mersion studies of the same hind foot. 

In a single experiment norepinephrine _ bitartrate 
(Levophed, Winthrop Laboratories, New York City ) 
and Epinephrine hydrochloride (Gold Leaf Pharmacal, 
Englewood, New Jersey) were injected separately at a 
dose of 2.0 ug.Kg.— (base), I.V., to evaluate the effects 
of “denervation hypersensitivity” on the cold exposed 
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Telethermometer Heat Fiux Sensor 


Fic, 2. Temperature sensing thermistors were affixed to the foot 
pad and toe pad. An additional thermistor is placéd in the bath. 
A heat flux transcucer is also placed on the foot pad; output 
is converted to watts per meter?. 


and sympathectomized hind limb. The contralateral hind 
limb was also immersed and served as a. control. 

The data were analyzed in terms of the mean + 
standard -error and the statistical significance assessed 
with the “T” test for paired data.”! 

Results 

Prior to sympathectomy, mean rectal temperature dur- 
ing the control period was 37.8 + 0.4° C; the tempera- 
ture of the foot pad was 28.9 + 1..3° C; and heat flux 
from the foot pad measured 188+ 78 watts meter™. 
Following immersion into the cold bath (—29.2 + 
1.4° C) foot pad temperature dropped significantly (p 
„< 0.001) to —2.0 + 1.5° C within a mean time interval 
of 20 minutes: This low temperature was sustained for 
the sixty minute exposure period at the end of which 
time the value was —0.8 + 14° C. During the same 
period rectal temperature fell progressively (though niot 
significantly, p > 0.05) to 37.0. + 0.2° C. Heat flux from 
the foot pad increased to 1690 + 163 watts meter? 
during cold exposure and this high value was sustained 
throughout the cold exposure period. Following removal 
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of the foot from the cold bath all parameters returned 
toward the control values within 30 minutes: These data 
are presented graphically in Figure 3. , 

One week following lumbar sympathectomy (Fig. 4) 
control measurements were as follows: rectal temperature 
38.6 + 0.3° C; foot pad 31.8 + 0.5° C; heat flux 125 
+ 47 watts meter. Following immersion of the hind 
foot for a mean time interval of 27 minutes in the cold 
bath (—31.2 + 1.0° C) foot pad temperature fell to 
13.9 + 2.0° C and remained at this level throughout the 
60 minute experimental period. At the end of the hour 
of cold exposure the value for the temperature of the 
foot pad (14.5 + 2.1° C) was still significantly (p < 
0.001) below control. The starting value as well as each 
subsequent 15-minute value for foot pad temperature 
following sympathectomy were significantly (p < 0.01) 
greater than the same values prior to sympathectomy. — 
Heat flux from the foot pad increased to 3646 + 155 
watts meter? following cold exposure and this high 
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Fic. 3. Effects of cold immersions of the hind foot (prior to lumbar 
sympathectomy) on heat flux from and temperature of the foot 
pad and on rectal temperature. Each point represents the mean + 
standard error of six experiments in two animals. 
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value was sustained throughout the period of cold ex- 
posure. Rectal temperature fell significantly (p < 0.05) 
to 37.9 + 0.1° C during cold exposure of the hind paw 
following sympathectomy. Following removal of the 
foot from the cold bath these parameters returned to- 
ward control values within 30 minutes with the excep- 
tion of rectal temperature; however, this value (38.1 
+ 0.1° C) was not significantly (p > 0.05) below the con- 
trol temperature. 

In a single experiment (Fig. 5) both hind feet were 
immersed in the cold bath while temperatures were re- 
corded from the pads of each foot. Under these circum- 
stances, the temperature of the control foot pad fell 
from 21.0 to 1.5° C within 23 minutes and stayed near 
this low level for 60 minutes. The temperature of the 
sympathectomized foot fell from a resting temperature 
of 33.0 to 13.0° C at the beginning of the same period. 
This relatively high temperature was sustained. As a re- 
sult of both feet being in the bath simultaneously, 
rectal temperature fell during the course of the experi- 
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Fic. 4. Effects of cold immersion of the hind foot on heat flux 
from and temperature of the foot pad and on rectal temperature one 
week following lumbar sympathectomy (mean + SE, six experi- 
ments, two animals). 
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following unilateral lumbar sympathectomy. Heat flux from and 
temperature of the sympathectomized foot, rectal temperature, 
and temperature of the contralateral foot pad are exhibited. 


ment, The recovery period was similar to those pre- 
viously described. 

The effects of cold exposure on toe temperature are 
compared to the temperature of the contralateral foot 
pad before and after sympathectomy in Figure 6 to 
serve as a control regarding the effects of cold exposure 
to one extremity on temperature changes on the con- 
tralateral extermity. Toe temperature during the con- 
trol period was 26.8 + 1.0° C. Immersion in the cold 
bath caused toe temperature to drop to —0.7 + 1.4° C 
in the same time period described for foot and rectal 
temperatures (Fig. 3). Mean temperature of the toe 
pad remained slightly below 0° C over the course of the 
subsequent four 15 minute periods but moment to mo- 
ment fluctuations in toe temperature, not seen with foot 
pad temperature, occurred both before and after sym- 
pathectomy. The contralateral pad measured 23.1 + 
2.7° C during the control period. This temperature fell, 
but not significantly, to 20.2 + 1.4° C (p > 0.20) dur- 
ing the time that toe pad temperature fell to near 0° C. 
The temperature of the contralateral foot pad remained 
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Fic. 6. Effects of cold immersion upon toe temperature and 
contralateral foot pad temperature before (c- - -°) and after 
(© è ) lumbar sympathectomy (mean + SE, six experiments, 
two animals). 





slightly below control throughout the remainder of the 
cold exposure and even during the recovery period but 
the differences from control were not significant (p > 
0.05). Following lumbar sympathectomy the toe pad 
temperature was 31.2 + 0.8° C, a significant (p < 0.05 ) 
increase over the presympathectomy control cited above. 
Cold immersion caused this toe temperature to fall sig- 
nificantly (p < 0.001) to 7.5 + 4.0° C in the same time 
period previously described. During the next four 15- 
minute periods the temperature ranged between 10.0 
+ 3.4 and 11.7 + 3.4° C. These values recorded during 
cold immersion were all significantly (p < 0.01) above 
the comparable values prior to sympathectomy. The 
temperature values for the contralateral hind foot pad 
were essentially unaltered by left lumbar sympathec- 
tomy. During the recovery period, both before and after 
sympathectomy, temperatures for the toe pad were re- 
stored to control values. 

In a single experiment in which both hind feet were 
immersed in the cold bath, following left lumbar sym- 
pathectomy, an intravenous injection (radial vein) of 
norepinephrine caused the temperature of the sympa- 
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thectomized foot pad to fall from 20.5 to 15.0° C in 5 
minutes. The temperature returned to 21.0° C within 
14 minutes. The temperature of the contralateral foot 
pad as well as the sympathectomized toe were unaf- 
fected by norepinephrine. Epinephrine, in the same dose, 
caused a more marked fall in foot pad temperature on 
the sympathectomized side than did norepinephrine. 
The effect was prolonged since the recovery did not 
occur until 25 minutes after injection. Epinephrine also 
caused a fall in toe temperature (9.5 to 2.5° C) in the 
same time period. The temperature of the contralateral 
foot pad increased slightly following epinephrine injec- 
tion, In each experiment heat flux from the sympathec- 
tomized foot pad followed temperature directionally. 


Discussion 


The findings indicate that lumbar sympathectomy in 
the arctic wolf elevates resting foot and toe pad temper- 
atures and causes them to remain well above those prior 
to sympathectomy during exposure to extreme cold. 
Thus, at least superfically, the adrenergic nerve supply 
to the hind limb serves not to protect the limb from cold 
exposure but rather to protect the core from excessive 
loss of total body heat through the cooled extremity. In 
the presympathectomy study, for example, rectal tem- 
perature did not fall significantly during the 60-minute 
cold exposure period despite the appearance of a trend 
in that direction. Following sympathectomy, however, 
rectal temperature did fall significantly, during the same 
time interval. The two-fold increase in heat flux from the 
foot probably accounts for this effect of sympathectomy. 
Whether the higher resting temperature of the sympa- 
thectomized foot would protect it from cold injury re- 
mains an unproven speculation. 

Two possible mechanisms could explain the ability of 
the cold adapted animal to maintain the temperature of 
its extremity above the tissue freezing point despite pro- 
longed exposure to a subzero environment. Either addi- 
tional warm blood is pumped to the cold part or else 
regional metabolic alterations serve as a protective, 
heat input mechanism. At present there is little evidence 
in support of this latter possibility.1° In favor of an aug- 
mented blood flow as the causative mechanism are stud- 
ies which reveal an augmented blood volume in the 
cold exposed and cold acclimatized extremity of pen- 
guins as well as wolves and wolverines.'?!° The appli- 
cation of a tourniquet proximally causes this cold ex- 
posed foot temperature to drop precipitously toward 
bath temperature.’ Anatomical studies of the vascular 
supply of these same extremities reveal an architecture 
which provides a greater distribution of blood flow tò 
surface layers of the foot pads than to deeper tissues." 
Since cooling of the pad occurs at its surface!” this dis- 
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tribution of blood vessels favors a first line of defense 
at the point closest to the cold contact, a point that would 
otherwise sustain cold injury. 

The mechanism responsible for the regulation of tem- 
pérature and blood flow through this subcutaneous vas- 
cular plexus in the foot pads remains unclear. “Cold- 
induced vasodilation” (also referred to as the “hunting 
reaction” of Lewis’) has been considered an adaptive 
mechanism. in the protection of cold exposed: skin sur- 
faces of man” and the experimental animal.® The arctic 
wolf demonstrates a similar but more dramatic response 
which may be adapted for subfreezing ambient tem- 
peratures. If this were an adrenergic response then one 
might expect it to be abolished by sympathectomy and 
possibly restored by exogenous catecholamine adminis- 
tration. In the present study this clearly was not the 


~ case sirice sympathectomy provided for a greater rather 


than a lesser flow of blood (as indicated by. tempera- 
ture). Likewise neither norepinephrine nor epinephrine 
elicited anything but a vasoconstrictor response in the 
cold foot. In the sympathectomized foot these responses 
were quite striking as opposed to the control hind foot 
where litile or no change in temperature was observed 
following either norepinephrine or epinephrine injec- 
tions. This phenomenon, termed “supersensitivity,”! is 
a permanent event, and has been documented in ee 
of blood flow as late as 10-years following lumbar sym- 
pathectomy in the dog.? The fact that control foot pad 
temperatures following sympathectomy in the wolf were 
dissimilar also may have contributed to the contrasting 
responise to the catecholamines during cold exposure. 
Several points concerning the management of frost- 
bite in the experimental animal and presumably man as 
well can be inferred from these studies. Lumbar sympa- 
thectomy clearly adds considerable heat to the ipsilateral 
control as well as the cold exposed hind foot. The added 
heat is presumably secondary to an increased blood flow. 
In the conscious, domestic dog lumbar, sympathectomy 
causes a four-fold increase in resting blood flow to the 
hind limb and this high flow is sustained for many 
months. In this regard it would appear that sympa- 
thectomy would be more suitable as prophylaxis rather 
than as therapy in cold injured extremities. Since there 
is small likelihood that frostbite would be attacked pro- 
phylactically by operative procedures, our concern here 
is only with the use of sympathectomy in the therapy of 
frostbite cnce it has been recognized. The presently ac- 
cepted rezimen for the cold-injured foot of man is a 
40° C bath and expectancy.” Sympathectomy hes been 
employed but its efficacy remains controversial, which 


may well reflect only the time of its use. Based upon _ 


blood fow measurements, using venous occlusion ple- 
thysmography technics in anesthetized dogs, Imig?® re- 
ported that lumbar sympathectomy failed to alter either 
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resting blood flow to the hind extremity or its tem- 
perature when compared to the contralateral limb. He 
also reported that lumbar sympathectomy abolished the 
reactive hyperemia characteristic of recovery of the 
hind limb from cold exposure. On the basis of these 
findings he rejected the use of sympathectomy or sym- 
pathetic blockade in the treatment of cold injury. In the 
present study the increase in temperature of the sympa- 
thectomized hind foot was still readily apparent two 
weeks later and, as previously observed,* the increase in 
blood flow is apparent many months after sympathec- 
tomy. A more recent study of the cold exposed rabbit 
ear reveals that reactive hyperemia during recovery was 
not abolished by sympathetic denervation of the part.” 
Cold injury experiments in man’-*?° and the rabbit**§ 
indicate that sympathectomy not only increases the per- 
centage of tissue survival by decreasing the extent of 
tissue necrosis, resolving the associated edema,‘ and pre- 
venting vasospasm, but also alleviates pain? and has 
salutory effects on the late sequellae of cold injury. 
These complications of human cold injury’*® include 
peripheral neuropathy, trophic changes in the integu- 
ment, increased eee ny to cold, and hyperhydro- 
sis. 

Two areas invite speculation: l. the tissue injured 
as a result of intracellular ice formation or tissue 
freezing, and 2. the tissue damage that results from 
ischemia secoridary to vasoconstriction or red cell sludg- 
ing. If therapy can be instituted promptly following cold 
injury, warming to increase thaw rate may prove bene- 
ficial. Warm water immersion while simple, raises the 
temperature of the external, and hence most severely 
injured tissues, first. More important would be therapy 
directed at the deeper tissues which are less severely 
damaged and hence more likely to benefit from therapy. 
The ideal technic for increasing the temperature of 
these latter tissues would be to increase blood flow to 
the part. There are three possible technics, all of which 
afford an augmented flow of blood in the cold exposed 
extremity, as manifested by a significant increase in 
temperature. Sympathectomy accomplishes a prompt in- 
crease in regional flow to the extremity and this maneu- 
ver can be accomplished surgically as a nerve resection 
or nerve crush or by a means of a nerve block with 
anesthetic injection technics. Alpha adrenergic blockade 
with Phenoxybenzamine, 1.5 mg.Kg., IV}? induces a 
pharmacological sympathectomy within approximately 
60 minutes and effects a significant increase in the tem- 
perature of the cold exposed foot pad of the wolf.1* The 
third alternative is the use of vasodilators, either region- 
ally, by an intra-arterial infusion or systemically by in- 
travenous injection. Either isoproterenol or histamine in 
doses of 0.5 »g.Kg. (base), as an intra-arterial injec- 
tion cause a significant increase in the foot pad tempera- 
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ture of the arctic wolf!* and presumably would have a 
similar effect on the cold injured foot of man. 


Summary 


The effects of adrenergic denervation upon cold ex- 
posure of the hind limb were studied in the arctic wolf. 
This cold adapted species protects its cold-exposed ex- 
tremity with an augmented heat input to maintain the 
most superficial tissues at a temperature level just above 
freezing. This delicate balance prevents injury while si- 
multaneously minimizing heat loss. Regional adrenergic 
denervation increases the surface temperature of the 
hind limb’ and maintains this temperature elevation dur- 
ing cold exposure of the extremity. This elevation in 
temperature is accompanied by a significant fall in core 
temperature, and this combination might conceivably 
have adverse effects if unsupported by an increased heat 
production. Cold adaptation does not appear to be medi- 
ated through sympathetic vasodilation since sympathetic 
stimulation with the endogenous catecholamines lowers 
the temperature and sympathetic blockade raises the 
temperature of the cold exposed extremity, These find- 
ings are analyzed in terms of potential application to 
cold injury in man. 
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security you can count on 


Security from 
suture extrusion 
Because PROLENE 
Suture tolerates infec- 
tion extremely well, 
suture extrusion is 
rarely seen. 
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In contamination, 
security 

ainst bacteria 
PROLENE Suture, 
being a monofilament 
material, lessens the 
risk present with 
braided suture ina 
contaminated wound. 
The interstices of the 
smoothest braided 
suture can harbor 
bacteria; one theory as 
to why braided sutures 
encourage bacterial 
growth is that 
leukocytes can pene- 
trate the interstices 
with difficulty. 





With secure 

knot holding 
Knots in PROLENE 
Suture hold securely 
when the operator uses 
the standard technic 
of flat and square ties, 
with additional throws 
if indicated by surgical 
circumstance and 
experience. 
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Security for | 
extended = 
approximation — 
Where wound healing 
may be delayed, ; 7 É 
PROLENE eat 

can be counted ont 
provide prolonge¢ 
tensile strength. © 
Because healing, a 
demonstrated in 
animal studies, v 































with PROLENE 
Polypropylene Suture 


To provide a nonabsorbable suture suitable for 
use even in the presence of infection, we have 
developed PROLENE Monofilament Suture. 
Made from polypropylene, a material of relative 
biologic inertness, the suture is undegraded by 
tissue enzymes and virtually unaffected by the 
presence of infection. Many surgeons are now 
choosing PROLENE Suture when they need the 
ity ot of a nor E 2in a ao 





Security from 
sinus formation 
The distressingly high 
incidence of sinus 
‘formation when a 
oraided suture is used 
n the presence of 
2ontamination is well 
<nown. Sinus forma- 
zion seldom occurs with 
1 monofilament, how- 
aver, and is particularly 
rare with PROLENE 


Polypropylene Suture. 
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PROLENE 


TRADEMARK 


Polypropylene Suture 
when contamination threatens 








Inert as steel 
PROLENE Sutures are inert as stainless steel grossly to be completely inert; microscopically 
wire. In animal implants studied at intervals the tissue showed minimal reaction in the 
up to 60 days, PROLENE Suture appeared form of a narrow fibrous capsule. 
Unretouched photomicrographs 90 x 





BD OE 





LENE Suture in rat gluteal Section of rat gluteal muscle 90 days after implant 
muscle after 90 days. Note the minimal tissue of 3-0 Stainless Steel Suture, photographed after 
response. A thin fibrous capsule, with collagen suture had been removed. Note the fibrous band 
fibers and fibrocytes present, surrounds the suture surrounding the implant site. 


(blue stippling is suture pigment). 





Holds knots with standard technic 
Surgeons using PROLENE Suture report 
excellent results using a surgeon’s knot 
squared and snugged down tight, followed 

by one reverse knot snugged down tight 

(with knots “placed” rather than “‘thrown’’). 


| 1. Surgeon’s knot 


2. Surgeon’s knot squared 
(snug down tight) 


Indications—PROLENE Polypropylene Suture, 
U.S.P., may be used wherever Nonabsorbable 
Surgical Suture, U.S.P., is recommended. 
Contraindications— There are no known 
contraindications. Warning— Unused PROLENE 
Polypropylene Sutures may not be resterilized 
more than three times by the standard autoclaving 
method without loss of strength. Precaution— 

As with other synthetic sutures, knot security 
requires the standard surgical technic of flat and 
square ties, with additional throws if indicated by : 
Surgical circumstance and the experience of the 3. Reverse knot on top A 
operator. Adverse Reactions— Minimum transitory (snug down tight) 

reactions have been reported. 
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Silicone Mandril Method for Growing Reinforced Autogenous 
Femoro-Popliteal Artery Grafts in Situ 


UTOGENOUS TISSUE is the only acceptable material 

for use in graft replacement of peripheral arteries. 

Vein grafts are used with frequent compromises in diam- 
eter and length. 

There have been previous valuable contributions to- 
ward the goal of patients growing their own artery 
grafts. Eiken? implanted plastic rods and used the con- 
nective tissue tubes that formed around them as re- 
placements for small arteries in dogs. Schilling®:? im- 
planted cylindrical wire screens in animals and recov- 
ered connective tissue tubes which grew on them for 
use as artery grafts. He made extensive microscopic, 
biochemical and histochemical studies of these tubes. 
Hugnagel! buried Teflon rods covered with Dacron ma- 
terial and recovered tissue tubes containing the Dacron 
within their walls. Sparks*® developed devices called 
tissue dies for growing artery grafts and used them 
successfully in patients. A method has been developed 
with which reinforced artery grafts are grown in situ. 


Materials and Methods 

The silicone mandril* method consists of preparing a 
smooth silicone rubber rod of desired diameter and 
length with a covering or coverings of specially-pre- 
pared, large-mesh, knitted dacron tubes (Fig. 1) and 
implanting the resulting assembly in the location of the 
contemplated arterial grafting procedure, After a wait- 
ing period of 5 to 8 weeks, during which an autogenous 
tube grows around the silicone mandril and encapsulates 
the knitted dacron tube(s) within its wall, an incision 
is made over each end, the silicone mandril withdrawn 
and the new dacron reinforced autogenous tube anasto- 
mosed to the artery at each end as a bypass or replace- 
ment graft as the case may be. 





e 

Submitted for publication September 1, 1972. 

* Mandrils manufactured by Edwards Laboratories, Santa Ana, 
California. 
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In the experimental development of the silicone man- 
dril method for growing artery grafts in situ, 37 grafts 
were grown in 17 dogs. Twenty-eight were grown sub- 
cutaneously on the lateral chest wall to study various 
methods of preparing and using the knitted dacron rein- 
forcing tubes. 

The following mandril preparations were used: 


l. A single, untreated, crimped dacron tube, knitted 
on a 22-needle head, placed loosely on a 6-mm 
silicone rubber rod. 

. Double, untreated, crimped dacron tubes, knitted 
on a 16-needle head, placed loosely on a 6-mm 
silicone rubber rod. 

3. A single siliconized, uncrimped, dacron tube, knit- 
ted on a 22-needle head, placed on a 6-mm silicone 
rubber rod. The siliconizing process consisted of 
dipping the knitted tube in a xylene suspension of 
unvulcanized silicone rubber, hanging it to dry, 
stretching it tightly on a steel rod having a diam- 
eter 0.035 in. greater than the silicone rod and 
heat-vulcanizing the rubber. 

4. Double, siliconized, uncrimped dacron tubes placed 
on a 6-mm silicone rubber rod. The inner tube is 
knitted on a 16-needle head and is siliconized in 
the same manner as that described in (3) above. 
The outer tube is knitted on a 22-needle head and 
is siliconized in the same manner as described in 
(3) above except that a steel rod 0.070 in. larger 
than the silicone mandril is used. 


bo 


Nine femoro-femoral grafts were grown in situ in as 
many dogs weighing 15 to 18 Kg. in which the femoral 
arteries were 2 to 3 mm. in diameter. A stab wound was 
made in the skin of the thigh below each groin. Another 





Fic. 1. Silicone rubber mandril (6 mm.) with inner tube of 
knitted dacron knitted with a 16-needle head and an outer tube 
knitted with a 22-needle head. 


was made in the midline above the penis in males and 
at a comparable level in females. Subcutaneous tunnels 
were made to connect the two groin wounds with the 
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abdominal wound. The mandril assembly was placed 
in the tunnel in the femoro-femoral position and the 
incisions closed. After 5 to 8 weeks the silicone mandril 
was withdrawn and the graft anastomosed to each fem- 
oral artery. The right iliac artery was ligated extra- 
peritoneally. Mandril preparation #1 was used in the 
first animal, preparation #2 was used in the second and 
preparation #4 was used in the remaining seven. Seven 
dogs were serially sacrificed and the remaining two are 
being held for long-term study. 

Six femoro-popliteal grafts have been grown in pa- 
tients and put into function 2 to 7 months prior to this 
communication. Mandril preparation #4, described 
above, was used. Figure 2 illustrates the operative pro- 
cedure used. 


Case Reports 


Case 1. R. C., a 71-year-old man had a history of intermittent 
claudication in the left leg for 3 months. At the time of hospital 
admission he had to stop after walking one block. The femoral 
pulse was normal and the remaining pulses absent. The foot was 
cool and pale. The first toe was moderately cyanotic and tender. 
Arteriography revealed left femoro-popliteal artery occlusion. A 
left femoro-popliteal mandril was implanted on February 16, 
1971, and he was discharged the next day. On 5-13-71 the super- 
ficial femoral artery was divided 1 cm. from its origin and an en- 
darterectomy performed in the proximal segment. The graft was 
anastomosed end-to-end to the upper, cut end of the superficial 
femoral artery and end-to-side to the lower end of the popliteal 
artery. Seven months postoperatively, the posterior tibial pulse is 
present and he is free of intermittent claudication. 

Case 2. H. H., a 68-year-old woman first experienced inter- 





Fic. 2A. A stab wound is made one inch inferior to the anterior 
superior iliac spine. A tunneller is passed subcutaneously down 
the medial side of the thigh to six inches below the knee, crossing 
the knee in the neurtal coronal plane. 


Fic. 2B. The prepared mandril is passed to the lower end of the 
tunneller and the latter withdrawn. The mandril is ligated, the 
excess cut off and the stab wound closed. 
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mittent claudication in both legs in 1964. In 1969 a left femoro- 
popliteal saphenous vein bypass was performed. In March, 1971, 
she could walk only one block without stopping due to right 
calf pain. Arteriography revealed right femoro-popliteal occlusion. 
A mandril was implanted and three months later the grafting 
procedure done. She was discharged on the seventh postopera- 
tive day. Five months postoperatively, the posterior tibial pulse 
is 2+ and she is free of intermittent claudication. 

Case 3, N. A., a 61-year-old woman, had an aorto-iliac grafting 
procedure in 1969 for severe occlusive disease. In March, 1971 
she had sudden onset of intermittent claudication in the right 
leg after walking two blocks. Examination revealed the femoral 
pulse to be normal and all distal pulses absent. The foot was 
pale and cool. Arteriograms revealed femoro-popliteal artery 
occlusion. A right femoro-popliteal mandril was implanted and 
2 months later the grafting procedure carried out. She was dis- 
charged on the seventh postoperative day. Six months postopera- 
tively the pedal pulses are absent but the graft pulse is strong 
and she is free of intermittent claudication. 

Case 4. E. L., a 71-year-old woman, had a carotid endar- 
terectomy in 1967 following which she was free of symptoms. 
She had progressive intermittent claudication in the right leg 
for 1 year and was able to walk one block. She had rest pain 
for 2 months. Arteriograms revealed bilateral femoro-popliteal 
occlusion. A mandril was implanted in the right lower extremity. 
Seven weeks later it was removed and the grafting procedure 
done. Six months later she is free of symptoms and the graft is 
functioning well. Figure 3 shows arteriograms at 6 months. 

Case 5. A. C., a 51-year-old man had two-block intermittent 
claudication in the left leg for 5 months. For 12 days he had rest 
pain and greatly increased intermittent claudication. The left 
pulses were all absent. The right femoral pulse was 3+ and the 
remaining pulses absent. Arteriograms revealed left iliac occlu- 
sion, right iliac subtotal occlusion and bilateral femoro-popliteal 
occlusion. On 6-15-71 aorto-iliac endarterectomy was done. On 
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Fic. 2C. Six weeks later the mandril is removed and the new graft 
anastomosed to the common femoral and lower popliteal arteries. 


ANTOGENOUS FEMORO-POPLITEAL GRAFTS 


Fic. 3A. Arteriogram of E. L. 
six months after grafting, 
demonstrating excellent graft 
uniformity with and without 
knee flexion. 





7-2-71 a left femoro-popliteal mandril was implanted. On 9-1-71 
the mandril was removed and the grafting procedure done. When 
seen 4 weeks postoperatively, the graft was functioning well. 
When seen at 6 weeks the graft was thrombosed. 

Case 6. H. M., a 54-year-old man, had a die-grown left 
femoro-popliteal graft implanted on 5-14-68. Figure 4 is an 
arteriogram made 3 years later, demonstrating the graft. In July, 
1971, he experienced sudden onset of rest pain, coldness, paleness 
and paresthesia in the right leg and foot. Arteriograms revealed ° 
right femoro-popliteal artery occlusion. A right femoro-popliteal 
mandril was implanted and the grafting procedure was done 2 
months later. Three months postoperatively he has a peroneal 
pulse at the ankle and is free of intermittent claudication. 


Results 


During the first 2 to 3 weeks following the subcutane- 
ous implantation of a silicone rubber mandril having a 
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Fic. 3B. See legend for Figure 3A, 


covering of siliconized knitted dacron tube(s), a rela- 
tively smooth and uniform layer of fibrinous material 
is laid down. During the third and fourth weeks, if rela- 
tive motion between the rod and surrounding tissues is 
not excessive, fine, vascular adhesions to surrounding 
tissues develop and invasion of the fibrinous material by 
connective tissue occurs. At the end of 5 weeks the tissue 
tube is complete, the fibrinous material having been 
completely replaced by connective tissue. During the 
sixth week, it becomes stronger. 

The graft in dog #1 containe d one layer of knitted 
dacron and was only 0.015 in. thick. This was considered 
to be dangerously thin; it was tough and 
strong and functioned well until the dog was electively 
sacrificed 6 months later. At the time of sacrifice it was 
still 0.015 in. thick. The graft in dog #2 contained two 
layers of crimped tube knitted with a 16-needle head. 
Its wall thickness was excessive (0.060 in.) and it was 
too stiff to handle ideally. It is irregular on palpation 
but is functioning well 22 months post-grafting. 

The graft in each of the seven remaining dogs con- 
tained an inner 16-needle siliconized dacron tube and 
an outer 22-needle siliconized dacron tube. Six of them 
were electively sacrificed at intervals of 2 to 6 months. 
All grafts were widely patent. There were no degenera- 
tive changes. The w ‘all thickness was unchanged and 
they were indistinguishable microscopically from speci- 
mens taken at the time of removal of the mandrils and 


however, 
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grafting. In the one remaining dog in this group of 
seven, the graft was exposed surgically at the end of 13 
months and a cylindrical segment removed. The ends 
were brought together and anastomosed to reestablish 
continuity of the graft. Figure 5 shows microscopic sec- 
tions of the removed segment of graft. Figure 6 is an 
arteriogram showing the graft in this animal at 1 year. 
This dog, and dog #2 jecdbed above will be held for 
long-term e In each, the graft will be exposed 
and a segment removed at yearly intervals for gross 
and microscopic study. 

As was previously found to be true with autogenous 


Fic. 4. Arteriogram of 
first die-grown graft in 
human, H. M., three 
years after grafting. The 
graft is between the ar- 
rows and has remained 
in good condition. 
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Fic. 5A. Mandril-grown 
graft from a dog recov- 
ered 13 months after 
grafting; H & E x40 
and «170. There are two 
layers of knitted dacron 
tubes made of 2-ply, 70- 
denier, hard-twisted da- 
cron thread. The inter- 
stices are large, providing 
for excellent growth of 
blood vessels throughout 
full thickness of wall. 
There is no neo-intima 
and no evidence of de- 
generation. 


grafts grown in tissue dies, those grown on silicone 
rubber mandrils and reinforced with knitted dacron 
tubes do not develop a neointima and the wall thickness 
does not increase after grafting. There has been no cal- 
cification nor other degenerative changes in mandril- 
grown grafts in animals studied up to 13 months (Fig. 
SYA 

Five of the six femoro-popliteal artery grafts grown 
in situ in patients by the silicone mandril method are 
functioning well at 2 to 7 months. Figure 3 shows ar- 
teriograms of E.L. made 6 months after grafting with 
and without the knee flexed. Table 1 is a tabulation of 
the pertinent information on the six patients. 


Discussion 


The flexible mandril method for growing reinforced 
autogenous femoro-popliteal artery grafts in situ has 
certain advantages over use of the saphenous vein. 
Szilagyi found that there is no saphenous vein, or it is 
unsuitable for use in 15 to 20 per cent of cases.!! Darling, 
et al.’ found that, in 295 grafts implanted, 25 to 30 per 
cent were less than 4 mm. in diameter and concluded 
that this is most often the cause of failure when it oc- 
curs. In 26.1 per cent of cases the saphenous vein was 
not long enough, requiring endarterectomy and use of 
the upper superficial femoral artery. In 25 per cent, some 
type of angioplasty was carried out at the proximal an- 
astomosis, most often a longitudinal suture in order to 
increase vein length. Ten occluded at 3 to 39 months. 
Stipa et al.’° found that 78 per cent of veins 4 mm. and 
larger were patent at 6 months while only 38 per cent of 
those under 4 mm. were patent. Ray et al concluded 
that the success rate is decreased significantly if the vein 
is less than 5 mm. in diameter. Edwards? found that 25 
per cent of saphenous veins branch in the middle or 
lower one-third and that the branches are less than 4 
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mm. in diameter, which, he states, are too small for use. 
Mandril-grown grafts are grown to order for length and 
diameter. 


>» 


ari ne 
E —_—— 


Fic. 5B. See legend for Figure 5A. 
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Fic. 6, Arteriogram one year after grafting of a silicone mandril- 
grown graft grown in situ in a 40-Kg. dog. The graft contains 
an inner tube of knitted dacron knitted on a 16-needle head and 
an outer layer knitted on a 22-needle head. The right iliac artery 
was ligated at the time of grafting. Note the smooth uniformity 
of graft in the shape of an unsupported loop. 


The operative procedure for femoro-popliteal artery 
bypass using the saphenous vein requires in excess of 4 
hours as compared to less than 2 hours for the silicone 
mandril method. In the former, multiple incisions are 
made for the removal of the vein and a tunnel is fash- 
ioned for it in the thigh, in addition to making the in- 
cisions for exposure of the femoral and popliteal arteries. 
In the latter, only 2 limited incisions are made to expose 
the femoral and popliteal arteries at the time of grafting. 

Due to the more extensive surgery on the thigh re- 
quired in using the saphenous vein, the postoperative 
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morbidity is considerably greater than with the flexible 
mandril method. With the latter, the patient is able to 
walk normally with minimal complaints within a few 
days following operation and is able to resume normal 
activity at an earlier date. 

With the mandril method, the anastomoses, particu- 
larly that to the common femoral artery, are easier to 
make and are more dependable. In anastomosing the 
saphenous vein to the common femoral artery, one very 
frequently finds himself anastomosing a vein that is 
dangerously small to a thick-walled artery. With the 
mandril method, the graft is as large as desired and a 
dependable anastomosis is easily accomplished. The 
graft tissue is tough and strong and has the handling 
characteristics of a normal, healthy artery. 

As is true with the saphenous vein, a graft grown by 
the silicone mandril method does not take on a neoin- 
tima to compromise the lumen (Fig. 5). 

It would appear that overstressing and inadequate 
blood supply are among the most important etiologic 
factors in the development of degenerative changes in 
artery grafts. The great strength provided by the knit- 
ted dacron reinforcing tubes prevents overstressing. The 
rich blood supply from vascular adhesions and the free 
ingrowth of blood vessels and connective tissue through 
the large interstices of the knitted dacron tubes assure 
an excellent blood supply to the tissues throughout the 
graft wall (Fig. 5). 

The silicone mandril method requires 5 to 7 weeks for 
growth of the graft. In the occasional acute cases of 
gangrene, impending gangrene or severe pain, there is 
no alternative to use of the saphenous vein. In the re- 
maining great majority of patients, the decreased opera- 
tive trauma to the thigh with decreased postoperative 
morbidity, the shorter operating time, the predictable 
size and quality of the graft, and the ease with which 
the operation is performed are highly desirable features 
of the silicone mandril method as compared to use of 
the saphenous vein. With increasing use of the saphen- 
ous vein such as aortocoronary vein grafting and others 
being developed, its preservation is desirable, offering 





TABLE 1. Mandril Grown Femoro-popliteal Artery Grafts 
ee es ee ee eee eee SSS SS SS 
Mandril Runoff- Current 

Mandril Mandril Removal Post Graft Linton & Pedal 

Diameter Implant & Graft Time Darling Postop. Pulses Current 
Pt Age (mm) Date Date (mos.) Classif. Arteriograms Present Graft Pulse 
R.G. 71 6 2-16-71 5-13-71 7 Fair To Be Done 1 4+ 
H.H. 68 6 3-16-71 6-10-71 6 Poor To Be Done 1 4+ 
N.A. 61 6 4-20-71 6-22-71 6 Poor To Be Done 0 4+ 
EL; 71 6 4-24-71 6-5-71 6 Fair Excellent 1 4+ 

(6 mo) i 

A.C 51 6 7-2-71 9-1-71 3 Fair —- 0 0 
H.M 54 6 7-27-71 9-27-71 2% Fair To Be Done 1 4+ 
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Fic. 7A. Die-grown graft 
recovered from a dog 
four years after grafting. 
H & E x40 and x170. 
There is one layer of 
knitted dacron tube made 
of untwisted dacron 
thread. The fibers of each 
thread are loosely held 
together as compared to 
the hard-twist, 2-ply 
thread in Fig. 5. 


additional incentive for use of the mandril for growing 
in situ artery grafts in other than emergency situations. 
Die-grown artery grafts have been observed in dogs 
and studied by serial sacrificing of animals for periods 
up to 4 years, with no gross or microscopic evidence of 
degeneration (Fig. 7). They have been observed and 
serially evaluated by arteriography in patients for pe- 
riods up to 3 years with no degenerative changes being 
observed (Fig. 4). Artery grafts grown by the flexible 
silicone mandril method in situ have been observed and 
studied by the serial sacrificing of dogs, for periods up 
to 20 months with no degenerative changes observed. 
The long-term results in the die and mandril methods 
should be identical since the grafts are identical except 
for the presence of 1 knitted dacron tube in the die- 
grown grafts and 2 knitted dacron tubes in the mandril- 
grown grafts. The two layers of knitted dacron provide 
for maintenance of smooth uniformity of the cylindrical 


« 


shape of the entire length of the graft (Figs. 3, 6). 


Summary 


A method has been developed for growing reinforced 
autogenous artery grafts of predetermined dimensions 
in situ. It employs a soft silicone rubber mandril contain- 
ing a covering of two specially prepared knitted dacron 
tubes. The mandril assembly is implanted and the pa- 
tient returns to his previous activities. Six to 8 weeks 
later, or any time thereafter, the grafting procedure is 
carried out. This consists of simply mobilizing the ends 
of the mandril and graft, withdrawing the rod and 
anastomosing the in situ graft to the arteries. If desired, 
they can be grown elsewhere, such as subcutaneously on 
the chest, abdomen, lateral thigh, etc. and transferred 
to the grafting site. 

Six femoro-popliteal artery grafts have been grown in 
patients and used successfully. Eight additional man- 
drils are in patients growing grafts. 

The silicone mandril method of arterial grafting is 
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superior to the use of the saphenous vein. The graft is 
grown to predetermined dimensions, is tough and 
strong, has excellent flexibility and has ideal handling 
characteristics. The operative time is reduced by more 
than 50 per cent. The grafting procedure is much easier 
due to the optimum size and excellent handling charac- 
teristics of the graft. The postoperative morbidity and 
recovery period are greatly reduced due to the marked 
decrease in surgical trauma to the extremity. 





Fic. 7B. See legend for Figure 7A. 
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Addendum 


Since this paper was submitted by the author in 
September, 1972, eleven additional mandril grafts have 
been grown and put into function. One additional graft 
thrombosed due to poor run-off. 
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Antigenicity of Aortic Valve Allografts 


BARBARA F. HESLOP, M.D., F.R.C.Path., S. E. WILSON, M.P.S., 


AHE SURGICAL REPLACEMENT of diseased human aortic 
valves by fresh or preserved allografts (homografts) 

is a well established procedure.1-311.14 Nevertheless little 
is known about its immunological consequences. Because 
compatibility at the major HL-A histocompatibility locus 
is very rare in unrelated donor-host pairs,* the great 
majority of aortic valve recipients are likely to differ 
from the graft donors in respect of HL-A antigens. The 
success of aortic valve grafting in the face- of almost 
certain major tissue incompatibility between donor and 
host implies either (i) that aortic valve grafts are not 
immunogenic, or (ii) that the consequences of immuno- 
genicity are not deleterious to prolonged graft function. 
Experiments with dogs have detected an equivocal 
immurie response to aortic valve grafts implarited sub- 
cutaneously.* In the present study rats were used to 
investigate the extent to which aortic valve allografts 
~ are antigenic. Despite their relatively small size rats 
possess several advantages for this type’ of investigation. 
A number of inbred strains are available, and many of 
these have been typed for their major histocompatibility 
antigens.!*15 Appropriate selection of strains can pro- 
vide donor-host combinations with major or minor 
histo-incompatibility. Intrastrdin grafts are histocom- 
patible. As with all studies on inbred animals, a given 
series of experiments can readily be repeated. 


Materials and Methods 
Inbred rats belonging to the isohistogenic strains AS, 
AS2, BS and HS and their Fl hybrids were used. The 
strains AS, BS and HS are compatible at the major AgB 
or Rt-H1 histocompatibility locus.218 The origin and 
antigenic interrelationship of these strains has been de- 
scribed in detail elsewhere.®15:17.18 


Preparation and Implantation of Aortic Valve Grafts into 
the Abdominal Aorta 


, A reading glass (2-3 magnifications) was used for the 
preparation and insertion of most of these grafts. A Zeiss 
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operating microscope (6 magnifications) was used in a 
few instances. 

Aortic valve grafts contained approximately 2 mm. of 
attached ascending aorta and 0.5 mm. of myocardium. 
They were well rinsed in isotonic saline prior to insertion. 
The abdominal aorta of the recipient was’ approached 
by the transperitoneal route and was dissected from the 
inferior vena cava and dorsal abdominal wall. The aorta 
was then clamped, and the rostral anastomosis with the 
muscular rim of the graft, and then the caudal anas- 
tomosis were completed using ‘interrupted sutures 
( Ethicon 7-0). | 

Valve leaflet grafts were prepared by removing the 
leaflets individually, Each was tied with a 7-0 suture in 
its central portion, and was pulled gently through the 
needle hole into the clamped unopened aorta. The three 
leaflets were attached in separate sites along the length 
of the aofta. 

Aorta grafts measured approximately 2 mm: in length. 
They were sutured into the abdominal aorta in the same 
manner as the aortic valve grafts. 


Subcutaneous Implants 


Heart and kidneys were perfused with saline, cut into 
portions, further rinsed in saline, and then blotted dry 
and weighed. Other tissues were well rinsed in saline 
without prior perfusion. Unless otherwise indicated tis- 
sues were cut into small portions prior to insertion into 
subcutaneous pockets in the -dorsal thoracic regicn.» 
Pockets were closed with a skin suture. Aortic valve 
grafts insetted subcutaneously were structurally sim- 
ilar to those implanted into the aorta. 


Skin Grafting 


Animals received 2 dermatome cut 1 cm.? split thick- 
ness grafts. These were fitted to beds of similar size, the 
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base consisting of the panniculus carnosus muscle.* 
Dressings were removed on the 6th day. Conversion of 
the whole graft surface to a scab was recorded as sur- 
vival end point. 


Preparation and Injection of **Cr Labelled Lymph Node 
Cell Suspensions 


Dissociated lymph node cells were prepared and la- 
belled with *'Cr as described elsewhere.’ Allografted re- 
cipients together with untreated controls were injected 
intravenously with 5 x 107 labelled donor strain cells 
10-17 days.after grafting. Lymph nodes (cervical, super- 
ficial and deep axillary, mesenteric, aortic and iliac), 
spleen and liver were harvested 24 hours later. The radio- 
activity of these organs in grafted animals was expressed 
as a percentage of the mean label recovered from groups 
of 3-4 untreated controls which had received the same cell 
suspension. 


Serology 


Hemagglutination tests were performed in plain micro- 
hematocrit capillary tubes as previously described" using 
1% PVP (K60) as serum diluent and a 5% suspension 
of red cells in 20% bovine serum albumin. Sera were rou- 
tinely tested against red cells from the serum donor strain 
to exclude non-specific agglutination. For absorption, 
serum aliquots were diluted as necessary and mixed with 
an approximately equal volume of finely chopped tissue. 
The mixture was left for 30 minutes at room temperature 
with occasional stirring. Tissue was removed and the ab- 
sorption repeated with fresh material prior to titration. 
Tissues used for absorption were prepared as for sub- 
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cutaneous implantation. Control absorptions were rou- 
tinely carried out using tissues from the serum donor 
strain as a check on the dilution effect of the procedure. 


Induction of Local Graft versus Host Reaction (GuHR) 


Dissociated spleen cells (5 x 10% cells in 0.1-0.2 ml.) 
from one of the parental strains was injected beneath the 
renal capsule of F1 hybrids. Kidneys were removed 1 
week later and scored for the presence of local GvHR’s 
as previously described.® 


Separation of Blood Lymphocytes 


This was carried out by density gradient centrifuga- 
tion in Ficoll and Triosil.* 


Histological Preparations 


Specimens were fixed in 10% formalin, embedded in 
paraffin and sectioned at 5 mu. They were stained with 
hematoxylin and eosin and van Gieson’s stain. 


Results 


Humoral Antibody Production Following Aortic Valve 
Allografts 


When dissociated lymph node cells labelled with °'Cr 
are injected into normal allogeneic rats, a typical dis- 
tribution of label is seen 24 hours later, with lymph 
nodes, liver and spleen accounting for most of the re- 
covered radioactivity.® Hosts previously immunized 
against the lymph node donor strain show a character- 
istically different distribution; lymph node radioactivity, 


TABLE 1. Comparison of the Immunizing Efficacy of Different Types of Graft, as Indicated by (1) the Production of Hemagglutinins, and (ii) 
the Production of Lymphocytotoxic Antibodies Giving Rise to an Altered Distribution of *!Cr Labelled Donor Strain Lymph Node Cells 





Radioactivity (% + S.E. of that 
Recovered from Untreated 





Hemagglutinins Controls) at 24 Hours in 
Strain No. of (No. Postive/ 
Pretreatment of Hosts* Combination Animals No. Tested) Lymph Nodes Liver 
Intra-aortic grafts 
Aortic valve graft AS2 — HS 5 5/5 1.0 + 0.4 251 + 17 
2 mm aorta AS2 — HS 4 0/4 7§ + 11 115 + 4 
3 aortic valve leaflets AS2 — HS 4 0/3 914+ 5 105 + 2 
Subcutaneous grafts 
2 heart valves with muscle removed (AS2 X BS)F1 — AS 8 0/5 96 + 8 102 + 4 
(inserted whole) 
? heart valves with muscle removed (AS2 X BS)F1 — AS 4 — 55 + 26 143 + 24 
(finely cut up) 
2 heart valves with muscle attached (AS2 X BS)F1 — AS 4 2/4 54+ 17 130 + 15 
(weight 0.04 gms) 
Heart muscle (AS2 X BS)F1 — AS 4 4/4 0.21 + 0.07 221 + 33 
(0.04 gms) 
Heart muscle (AS2 X BS)F1 — AS 4 4/4 0.15 + 0.04 274 + 11 
(1 gm) š 
20,000 lymphocytes i. v. AS2 — HS 4 0/4 4 + 11 119 + 9 


*Al| pretreatments carried out 2—3 weeks prior to testing for the presence of antibodies. 
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and to a lesser extent spleen radioactivity, is reduced, 
and the liver label is correspondingly increased by com- 
parison with controls. These changes result from damage 
to the donor cell inoculum by circulating lympho- 
cytotoxic antibodies.° This is a relatively sensi- 
tive method of detecting humoral antibodies against 
major histocompatibility antigens in the rat.1° Accordingly 
it was utilized to determine whether aortic valves can 
immunize their hosts, and also to compare their im- 
munizing efficacy with that of other tissues. Using 
donor-host combinations with major AgB/Rt-H1 histo- 
incompatibility, grafts were placed either in the abdom- 
inal aorta or subcutaneously. Graft recipients together 
with untreated controls were challenged 2 weeks later 
with "1Cr labelled donor strain lymph node cells. The 
radioactivity recovered 24 hours later from the lymph 
nodes and livers of grafted animals was expressed as a 
percentage of the mean label recovered from these organs 
in controls receiving the same cell suspension. A sig- 
nificant reduction in lymph node label with a compensa- 
tory increase in liver label indicated the presence of 
lymphocytotoxic antibodies, i.e. immunization of the 
host by the graft. 

The results are summarized in Table 1. Of the intra- 
aortic implants, unequivocal immunization was effected 
by aortic valve allografts, and marginal immunization 
by 2 mm. of allogeneic aorta. Valve leaflets alone were 
ineffectual. Since all the grafts contained blood the pos- 
sibility was investigated that leukocytes contributed to 
their antigenicity. A further group of 4 HS rats was 
therefore injected intravenously with 2 x 10t AS2 blood 
lymphocytes (i.e. the number of leukocytes likely to be 
present in aortic valve grafts weighing 0.025-0.04 Gm. 
assuming a circulating blood volume of approximately 
6.4 ml. per 100 Gm."* and a white cell count of about 
8,000 cells per cm.). Two weeks later they were chal- 
lenged with *'Cr labelled AS2 lymph node cells. It is ap- 
parent from Table 1 that 2 x 10t blood lymphocytes 
stimulated the production of detectable lymphocytotoxic 
antibody, and that this number of cells could have con- 
tributed significantly to the antigenicity of aortic valve 
grafts. Since less antibody was produced after lympho- 
cytes alone than after whole aortic valve grafts, it seemed 
unlikely that donor leukocytes accounted for the entire 
antigenic stimulus exerted by the grafts. 

When the °'Cr test was used to compare the immuniz- 
ing efficacy of different subcutaneous implants, heart 
muscle provided an effective stimulus. Whole aortic valve 
grafts immunized irregularly, while aortic valve grafts 
' trimmed of muscle (i. leaflets plus aorta) stimulated 
antibody production in some hosts, but only if cut into 
stnall pieces and widely distributed in the subcutaneous 
tissues. 

Serum from most of the animals in Table 1 was tested 
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TABLE 2, Comparison of the Sensttizing Efficacy of Diferent 
Subcutaneous (sc) Implants as Indicated by the Survival Times of 
Challenging Donor Strain Skin Grafts 


Significance of 
Survival Time + S.E. Difference (P) 


Pretreatment No.of (Days) of Donor from Untreated 
of Host Hosts Strain Skin Grafts Controls + 

Nil 9 9.6+0.2 

Ist set orthotopic 9 7.4 +40.2 p < 0.001 
skin graft 

4 aortic valves sc 8 9.44+0.2 N.S. 
(weight 0.2 Gm.) 

Kidney 12 7.5+0.2 p<0.001 
0.2 Gm. sc 

Skin 0.2 Gm. se 12 7.540.2 p, < 0.001 

Heart muscle 12 7.9402 p<0.001 
0.2 Gm. sc 


+ N.S. = Not significant 
Strain combination (AS2 X BS)F1 — AS throughout. 


for the presence of hemagglutinins against AgB/Rt-H1 
alloantigens one day prior to challenge with labelled 
lymph node cells. Hemagglutinins were detected in in- 
dividual animals which subsequently showed a lymph 
node label below 20% of the mean control figure in the 
51Cr tests, but not otherwise. This confirms previous ob- 
servations? that the 54Cr test is more sensitive that hem- 
agglutination. 


The Relative Efficacy of Aortic Valve and other Tissue 
Implants at Stimulating Accelerated Rejection of Donor 
Strain Skin Grafts 


A series of rats received subcutaneous implants consist- 
ing of similar weights of either whole aortic valve grafts, 
heart muscle, skin or kidney. They were challenged 2 
weeks later with donor strain skin grafts in order to 
compare the relative sensitizing efficacy of the different 
inocula. The AgB/Rt-Hi incompatible combination 
(AS2 X BS)F1 - AS was used throughout. The results 
are summarized in Table 2. It is apparent that prior im- 
plantation of 4 aortic valve allografts effected no re- 
duction in the survival time of challenging skin grafts. 
On the other hand comparable weights of skin, kidney and 
heart muscle in the same site caused accelerated rejection 
of donor strain skin. 


The Effect of Aortic Valve Allografts on the Capacity of 
the Host’s Lymphoid Cells to Mount a Local Graft versus 
Host Reaction (GvuHR) 


Cell suspensions were prepared from the spleens of 2° 
HS rats that had been grafted 1 week previously with 
AS strain aortic valves into their abdominal aortas. A 
dose of 5x 10° spleen cells was injected beneath the 
renal capsule of (AS x HS)F1 hybrids. The injected 
kidneys were removed at 7 days and examined for the 
invasive destructive lesions of the renal parenchyma 
which characterize local GvHR’s.®:8 No such lesions were 
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Fic. 1. Syngeneic HS — HS aortic valve graft in the abdominal 
aorta at 14 days. The valve leaflet shows normal cellularity and 
the adjacent tissues show only minor degenerative changes. 
(H&E x135). 


evident in the nine hybrid recipients of one or another of 
the two spleen cell suspensions. The strain combination 
HS — (AS x HS)F1 is compatible at the major AgB/Rt- 
H1 locus, although differing at several other histocom- 
patibility loci.818 Local GvHR’s occur in this strain com- 
bination only when the donor spleen cells have undergone 
prior sensitization; no GvHR’s occur when normal spleen 
cells are injected.’ The failure of spleen cells from the 
recipient of aortic valve allografts to mount local GvVHR’s 
indicated either that the valves had failed to sensitize, or 
that such sensitization as had occurred was below the 
level detectable by this test. The possibility was investi- 
gated that local GVHR’s might not occur when sensitiza- 
tion of the parental strain was only marginal. Groups of 
PIS rats were therefore sensitized by a single intravenous 
injection of either 2 x 10* or 10° AS blood lymphoxcytes. 
Two weeks later cell suspensions were prepared from 
their spleens, and 5 X 10% cells were injected under the 
renal capsule of (AS x HS)FI1 hybrid hosts. Spleen 
cells from rats sensitized by 2 x 10* lymphocytes pro- 
duced no GvHR’s in four recipients, despite the ability 
of this number of cells to stimulate antibody formation 
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in at least one strain combination (Table 1). Spleen 
cells from rats sensitized by 10° AS lymphocytes gave 
rise to GvHR’s in % recipients. The local GvHR test 
performed in this manner thus appeared to be incapable 
of detecting minor degrees of sensitization. 


Failure of Aortic Valve Grafts to Absorb Antibodies 
from Alloimmune Serum 


Three alloimmune sera (an AS2 anti AS serum, titre 
1:80; 2 AS anti AS2 sera, titers respectively 1:640 and 
1:2560) containing hemagglutinins against AgB/Rt-H1 
alloantigens were absorbed with either aortic valves sim- 
ilar to the grafted specimens, heart muscle, skin or kid- 
ney. The following hemagglutinin titers were recorded 
after absorption with tissues from the strain against 
which the antibodies were directed (titers before—after 
absorption): kidney 1:640—1:20; skin 1:640—1:40; 
heart muscle 1:2560—1:160; aortic valve grafts 1:80— 
1:80. Control serum aliquots simultaneously absorbed 
with tissues from the serum donor strain gave titration 
end points identical with those of unabsorbed serum, or 
at most varied by one tube in a series of doubling dilu- 
tions. The 10 AS heart valves which failed to absorb 
antibody from an AS2 anti-AS serum with a titre of 
1:80 weighed 0.385 Gm. Finely chopped AS skin one 
quarter of this weight (0.096 Gm.) removed all detec- 
table hemagglutinating activity from the same serum. 


s” 


Fic. 2. 
valve graft in the abdominal aorta at 14 days. The valve leaflet 
is virtually acellular, and there is oedema, degeneration and 
lymphocytic and plasma cell infiltration of the adjacent tissue 
(H & E x135). 


Allogeneic AgB/Rt-H1 incompatible AS2 — HS aortic 
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Histological Evidence that Aortic Valve Grafts are An- 
tigenic 

Syngeneic (HS strain) or allogeneic AgB/Rt-H1 in- 
compatible (AS2 strain) aortic valve grafts were im- 
planted into the abdominal aortas of six HS hosts. The 
grafts were excised at 14 days and examined histologic- 
ally. Since HS rats invariably reject AS2 skin grafts* 
and orthotopic renal grafts® by 14 days, it was antici- 
pated that differences between syngeneic and allogeneic 
grafts should be evident by 14 days if these were going 
to occur at all. All the specimens showed localized tissue 
degeneration at the graft-host junction, with associated 
areas of fibroblastic reparative tissue. The syngeneic 
grafts showed a moderate infiltration with lymphocytes 
and macrophages, especially in the adventitial layers; 
the cellularity of the valve leaflets was normal and there 
were minimal degenerative changes. The three allo- 
geneic grafts showed extensive edema and a pronounced 
infiltration with lymphocytes and plasma cells involving 
all areas of the graft except the leaflets. The valve leaf- 
lets were virtually devoid of cells, and showed edema 
and degeneration of collagen. In the absence of lympho- 
cytic and plasma cell infiltration of the leaflets it remains 
uncertain whether these structures were themselves im- 
munogenic, or whether the degeneration and acellularity 
of the leaflets were consequent upon lesions elsewhere 
in the graft. Typical appearances of syngeneic and 
allogeneic valves are seen in Figures 1 and 2. 


Discussion 


These experiments in inbred rats showed aortic valve 
allografts to be immunogenic. From Table 1 it is evident 
that antigenicity resides predominantly in the rim of 
cardiac muscle, although a significant contribution from 
donor leukocytes cannot be excluded. The antigenicity 
of the aortic portion is slight, while the valve leaflets 
are apparently not immunogenic. Weight for weight 
skin, kidney and heart muscle are all more immuno- 
genic than aortic valve grafts. 

An immune response to aortic valve allografts was 
demonstrated by only some of the methods used in this 
series. Lymphocytotoxic antibodies were readily de- 
tected by the sensitive in vivo method using ®'Cr la- 
belled donor strain lymph node cells, and hemagglu- 
tinins were identified somewhat less frequently. A clear 
histological distinction was evident between syngeneic 
and allogeneic grafts in the same host strain. Neverthe- 
less aortic valve allografts did not provoke accelerated 
rejection of challenging donor strain skin grafts; nor did 
they increase the capacity of the host’s lymphoid cells 
to mount a graft versus host reaction. They were totally 
irfeffective at absorbing antibody from alloimmune se- 
rum. The demonstration of antigenicity by some tests 
and not by others is probably explicable in terms of the 


AORTIC VALVE ALLOGRAFTS 


305 


small quantity of antigen in the graft and the relative 
sensitivity of the tests used. A series of immunological 
responses not unlike those recorded after aortic valve 
allografting were elicited in HS hosts by a small intra- 
venous dose of AS2 blood lymphocytes (2 x 10* cells). 
Despite the presence of low levels of lymphocytotoxic 
antibody in four of these rats (Table 1), 12 other ani- 
mals from the same group rejected AS2 skin grafts in 
9.2 + 0.3 days, i.e. at approximately the same time as 
first set grafts. The lymphoid cells of other HS recipi- 
ents of 2 x 10* AS leucocytes retained their normal 
(unsensitized) inability to mount a local GvHR.8 By 
contrast HS rats sensitized by a larger dose of AS2 lym- 
phocytes (10° cells) rejected AS2 skin grafts in 78 + 
0.3 days. Likewise the spleen cells of HS recipients of 
10° AS lymphocytes were capable of producing local 
GvHR’s in the majority of recipients. 

Higher humoral antibody levels were recorded fol- 
lowing intra-aortic grafting of one valve than after the 
subcutaneous implantation of two valves. Thus antigen 
administered directly into the blood stream was im- 
munogenic in this grafting situation. 


Summary 


Aortic valve allografts implanted into the abdominal 
aorta of inbred rats stimulated the production of lym- 
phocytotoxic and hemagglutinating antibodies. Inter- 
strain AgB/Rt-H1 incompatible aortic valve allografts 
were clearly distinguishable from intrastrain syngeneic 
grafts on histological examination. Antigenicity resided 
predominantly in the rim of the cardiac muscle, with a 
possible significant contribution from included donor 
blood leukocytes. Allogeneic aorta elicited a less pro- 
nounced response, while valve leaflets were not de- 
monstrably immunogenic, The antigenicity of whole 
aortic valve grafts was low by comparison with that of 
several other tissues. 
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Development of Aspirin Hydrolase in Fetal, Newborn 


and Adult Tissues 


EDWARD J. EYRING, M.D., Ph.D.,* JAY L. GROSFELD, M.D..** 


SPIRIN has been utilized for many years as a thera- 
A peutic agent because of its well known analgesic, 
antipyretic, and anti-inflammatory activity. In recent 
years unwanted side effects, particularly hemorrhage, 
has been the subject of considerable concern. Gastro- 
intestinal bleeding, occurring in patients on salicylate 
therapy, has been considered due to inhibition of gastric 
mucous production.* Other data suggest that aspirin 
also has a direct effect on the coagulation mechanism 
by inhibiting platelet aggregation.®.®19.20 

Salicylates have been shown to induce congenital 
malformations in many animal species and be the cause 
of a high fetal death rate.*71011 Skeletal anomalies and 
fetal hemorrhage located in the skin, liver, and stomach 
have been observed following salicylate treatment in 
late pregnancy.®.718 

Since aspirin administration has shown its effect in 
both man and experimental animals in all stages of the 
life cycle, a study to help improve our understanding 
of drug tolerance of this commonly used medication 
would be useful. The purpose- of this report is to study 
the development and activity of the detoxifying enzyme 
acetylsalicylic (aspirin) hydrolase in rabbit tissues from 
midfetal to adult life. 


Materials and Methods 


Twenty-one white New Zealand rabbit does each 
weighing 8 pounds with dated pregnancy were housed 
in individual stainless steel cages. The pregnant does 


Submitted for publication 1972. 

Supported by grants from Glenbrook Laboratories and the 
United Health Foundation. 

* For Reprints: 973 East Broad Street, Columbus, Ohio 43205. 

= Present Address: Division of Pediatric Surgery, Department 
of Surgery, New York University School of Medicine. 


307 


PATRICIA A. CONNELLY 


From the Department of Orthopaedics, the Division 
of Pediatric Surgery, Department of Surgery, and 
the Department of Physiological Chemistry, Ohio 
State University College of Medicine, and the 
Children’s Hospital, Columbus, Ohio 


were maintained on standard rabbit chow and had an 
unlimited water supply. Based on a dated gestational 
period of 32 days, six does were lightly anesthetized with 
dilute intravenous barbiturate—three at 18 days and 
three at 25 days. Laparotomy was performed through a 
midline incision. In each instance, both uterine horns 
were mobilized and the uterine wall opened over each 
fetus. Fetal midline laparotomies were then done with 
intact placenta and umbilical vessels. Total hepatec- 
tomy, bilateral nephrectomy, gastrectomy, and resection 
of the entire small bowel were rapidly performed and 
the tissues placed into iced potassium chloride solution. 

The remaining 15 does were allowed to come to term. 
Newborn rabbits were maintained in nests of fur, us- 
ually prepared by the doe and were allowed to nurse 
until the time of sacrifice. In the newborn and at 2, 5, 
28 days, and six months of age three litters each were 
sacrificed and their tissues analyzed. 

The organs or tissues excised were similar to those re- 
moved from the fetal rabbits and are listed in Table 1. 
In all cases where fetuses and rabbits up to 4 weeks old 
were studied, the figures represent pooled samples of an° 
entire litter, ranging from 3 to 8 animals. For the 6-month- 
old rabbits, the figures indicate average activity in three 
to five samples of each tissue, each from a separate 
animal. 

_ All steps in the enzyme preparation were carried out at 
0-4°C. After removal from the animal, the tissues were 
placed immediately in 0.12 M KCl. 
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TABLE 1. Levels of Hydrolysis Activity in the Various Litters Studied 
Measured in Micromoles ASA Hydrolyzed per Milligram of 
Protein per Minute X 1074 


2wk. 3wk. New- 2day 5day 4week 6month 
fetus fetus born old old old old 
Liver 3.7 3,5 18.9 22.2 26.9 139.0 88.6 
Kidney 6.0 1.1 5 SB 3.3 37 5.4 
Small 
Intestine 0,0 1.8 1.8 44.4 76.0 136.0 50.0 
Stomach 0.0 De 2.8 31.4 25.8 57.5 44.0 


The tissues were homogenized either by hand in a 
teflon tipped tissue grinder or in the Virtis 45 homogenizer 
at low speed for approximately five minutes, depending 
on the amount of tissue and its fibrous content. In either 
case, the tissues were ground until a homogenous su- 
spension was obtained. No differences were noted in as- 
says made on tissues prepared by the two methods. 

The entire greater curvature of the stomach and the 
first 5 inches of the small intestines were used in the 
samples for the younger rabbits. In the older and larger 
rabbits, the stomach and small intestines were scraped 
separately to remove the linings only. 

The homogenates were strained through several layers 
of gauze and centrifuged at 9,000 rpm for 10 minutes. 
The microsomal supernatant obtained was used as the 
enzyme preparation. Total protein determinations were 
performed on this fraction using a micro Biuret technic 
described by Dawkins. 

The following substances were rere to give the final 
concentration needed in a 5 ml. system: KPO, buffer; 
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p MOLES ASA HYDROLYZED/mg PROTEIN /MIN X 10°4 
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N 
© 





AGE 

Fic. 1. This graph demonstrates- the pattern of aspirin hydrolase 
activity observed in fetal, newborn, young, and 6-month-old 
rabbits. No activity is observed in the fetus. Starting at birth 
(liver) or shortly thereafter (GI-tract) a rapid rise in the rate 
of hydrolysis is observed with a gradual decline over 6 months. 
At 6 months of age, liver shows the greatest activity. Kidney 
activity remained very low throughout the duration of the pro- 
ore 
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0.01 M; pH 7.0; acetylsalicylic acid 30 pg/ml; enzyme 
in 0.05, 1.0 mg./ml. concentration, depending on the 
activity. The reaction was started by the addition of the 
enzyme. A control with boiled enzyme was run with each 
experiment. Incubations were carried out in a 37°C 
shaker bath. 1.0 ml. aliquots were removed at various in- 
tervals of time and added to 50 ml. centrifuge tubes con- 
taining 0.5 mg. 3% KHSQ,, Five ml. of anhydrous ether 
were added immediately and tubes were tightly stoppered. 
The tubes were then shaken 100 times by hand and spun 
5 minutes at 1500 rpm. Three ml. of the ether extract 
was pipetted into a second 50 ml. centrifuge tube con- 
taining 3.0 ml. of KPO, buffer, 0.01 M, pH 7.0. These 
were then shaken and spun again. The ether layer was 
discarded and N» bubbled through the aqueous layer for 
30 seconds to remove the remaining ether. 

The salicylic acid present was then determined on an 
Aminco-Bowman spectrophotoflurometer using excitation 
at 310 mu and emission at 410 mu against a standard of 
salicylic acid in concentration ranging from 0.1-2.0 pg/ 
ml. 


Results 


During the fetal period there was little, if any, hydro- 
lase activity in any of the organs tested (Table 1). 

At the time of birth, however, the liver showed a five- 
fold increase in hydrolysis rate while hydrolase activity 
of kidney, small intestine, and stomach remained low. 

During the first week of life, the rate of liver hydrolysis 
continued to rise. The first significant stomach and small 
intestine activity appeared at 2 days and by 5 days had 
exceeded that of the liver. The kidney activity remained 
low. 

By 4 weeks of age, all Hydrate activity had reached 
a maximum from which there was a gradual decline over 
the next 5 months to stable levels, At 6 months of age the 
greatest activity was observed in the liver. 


Discusston 


Infants and children are more sensitive to salicylates 
than adults. However, very little is known about the sus- 
ceptibility of the human fetus to this medication.” The 
mechanism of teratogenic action of acetylsalicylic acid 
has been considered due to a direct toxic effect on fetal 
cells and/or an uncoupling effect on oxidative phosphory- 
lation.1°4 Salicylates have been shown to have a signifi- 
cant influence on intermediary metabolism and exert in- 
hibitory effects on at least three vital groups of cellular 
enzymes: oxidative phosphorylases, dehydrogenases, and 
transaminases.” 

The development of enzyme activity in fetal and neo- 
natal animals has numerous theories of explanation int 
cluding substrate induction, birth stress, adrenal innerva- 
tion, and inhibitors of gene action or enzyme action.** 
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215 Moreover species and tissue differences are known 
to be reflected in differences in the rate of enzyme de- 
velopment.? While enzyme induction might occur in the 
fetal liver as thought by Weinberger et al,1® experiments 
in our laboratory and by others suggest that acetylsali- 
cylic acid (aspirin) hydrolase at birth follows the develop- 
mental pattern of other hydrolases such as glucose-6- 
phosphatase. 3 Its appearance therefore must be explained 
in terms of adrenocortical activity associated with birth 
stress and environmental change from intrauterine -tó 
extrauterine life. 


Centrifugation studies in this report show that most | 


aspirin hydrolase activity is present in the microsomal 
fraction of the tissues studied with very little activity 
found in the cytoplasmic supernatant. 
Two patterns of activity were noted in rabbit tissues. 
The first exemplified by the liver, where enzyme activity 
was absent in the fetus, appreciable at birth, rising to a 
maximum and gradually falling to a stable level. The 


liver had the highest levels’ observed in older animals. | 


Kidney activity was present at birth also, but did not rise 
further. 

The sécond pattern of aspirin hydrolase activity \ was 
followed by the gastrointestinal tract where no activity 
was present until after birth. Activity rose rapidly for a 
few days, and then more slowly to a maximum and 
then dropped off by 6 months of ape to a lower level than 
the liver. 

While it may be difficult to assume that hydrolase activ- 
ity in the human is similar tothe rabbit because of signifi- 
cant variations between species, there is evidence to 
show that enzyme activity in the liver of premature in- 
fants is comparable with both rat and rabbit fetuses. 12 

Salicylate induced enzymatic inhibition of the synthesis 
of acid sulpho-mucopolysaccharide (an important factor 
in ground substance) has been suggested as a cause of 
skeletal malformations in fetuses of experimental ani- 
mals.73 

Eriksson demonstrated fetal hemorrhages located in 
the liver, skin, and stomach was a common finding fol- 
lowing salicylate treatment in mice late in pregnancy.®” 
These fetuses showed decreased prothrombin levels, di- 
minished liver glycogen stores, and liver hemorrhage 
with hepatatic-cell necrosis. The present report suggests 
that these findings may be due to absence of activity of 
the detoxifying enzyme acetylsalicylic acid (aspirin) hy- 
drolase in the fetal liver. 

It has been suggested that fetal hemorrhage may also 
be due to anoxia associated with degenerative changes in 
the liver.” In addition, thrombocytopenia and/or a coagu- 
lation defect due to a depression of some coagulation 
factors has also been suggested as the underlying mecha- 
nism of induced hemorrhage.® Bleyer and Breckenridge 
described platelet dysfunctions and diminished factor 
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XII activity in human newborn infants of mothers who 
had taken aspirin during the week prior to birth? 

Aspirin appears to inhibit the release of endogenous 
platelet ADP, and thus, prevents collagen induced plate- 
let aggregation.®:1°.2° The “acetyl” structure’ of aspirin is 
of great importance since. sodium salicylate does not in- 
hibit platelet release of ADP and subsequent aggrega- 
tion. 

Gastric hemorrhage in patients receiving aspirin has 
been attributed to an increased gastric mucosal per- 
meability for the hydrogen ion.1ë Menguy also described 
a decrease in the rate of secretion.and change in carbo- 
hydrate composition of gastric mucus due to aspirin 
administration.‘ These findings suggested that gastric 
injury results from an impairment of mucosal defense 
mechanisms against the erosive action of acid gastric 
juices. 

Absence of the detoxifying enzyme aspirin hydrolase 
may play a role in instances of fetal hemorrhage ‘end 
skeletal malformations. However, high levels of the 
enzyme are present after birth and indicate that other 
factors, particularly aspirin inhibition of platelet ADP re- 
lease and changes in gastric mucus play a significant role 
in older patients on aspirin therapy who exhibit bleeding 
problems. Exceptions to this may occur in premature in- 
fants and in older individuals with severe liver disease 
where a relative deficiency of enzyme activity may exist. 
Furthermore, these observations suggest a possible 30- 
tential hazard in the administration of aspirin to gravid 
females late in pregnancy, in premature infants, and in 
patients with severe liver disease and/or known blead- 
ing disorders where control of hemostasis may be a prob- 
lem. 


Summary 


This report describes the development of the detoxify- 
ing enzyme acetylsalicylic acid (aspirin) hydrolase in 
rabbit tissues from midfetal to adult life. The litters of 
21 rabbit does with dated pregnancy were studied. Tis- 
sues were obtained from fetuses in the second énd 
third week of gestation, newborn, 2, 5, 28 days, and 
6-month-old rabbits. The hydrolysis rate of the micro- 
somal fraction of liver, kidney, and the gastrointestinal 
tract were evaluated. Little hydrolase activity was ob- 
served in any of the fetal tissues. A five-fold increase in 
liver activity was noted at birth. Kidney activity remained 
low in all animals studied. Gastrointestinal activity ap- 
peared at 2 days. By 4 weeks of age liver and gastro- 
intestinal hydrolase activity reached a maximum and 
gradually declined to stable levels. At 6 months the liver 
tissue had the greatest activity. 

Absence of the detoxifying enzyme aspirin hydrolase 
may play a role in instances of fetal hemorrhage and 
skeletal malformations observed in fetuses of pregnant 
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animals treated with aspirin. However, high levels of 
enzyme present after birth indicate that other factors 
particularly aspirin inhibition of platelet ADP release, 
and changes in gastric mucus play a significant role in 
older patients on aspirin therapy who exhibit bleeding 
problems. These observations suggest a possible potential 
hazard in the administration of aspirin to gravid females 
late in pregnancy, in premature infants, and in patients 
with severe liver disease and/or known bleeding dis- 
orders, where control of hemostasis may be a problem. 
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Pulmonary Complications of Burns: 


HE ASSOCIATION between thermal burns and respira- 
Le insufficiency has long been realized. Long" 
described hepatization and engorgement of the lung with 
pleural effusion in a number of fatal burn injuries in 
1840. In more recent times various authors have described 
the increasing danger of pulmonary complications in 
the mortality statistics of burn patients. Phillips”? stated 
that since 1939, pulmonary complications accounted 
for 42% of fatalities. Sochor?’ reported 41 autopsy cases 
in which 28 patients died from pulmonary lesions. 
Harrison reported that bronchopneumonia was the lead- 
ing cause of death in their unit. Silverstein?’ reported 
that between 1956 and 1964, six patients died of pul- 
monary complications and 12 from burn wound sepsis 
at Boston City Hospital, while from 1965 to 1968 there 
were 20 deaths from pulmonary complications and only 
four deaths from burn wound sepsis. Foley! reported 
that the major cause of death at Brooke Army Hospital 
from 1960 to 1963 was burn wound sepsis. After the use 
of Mafenide Acetate in 1964, the major fatal complica- 
tions shifted to the respiratory system. In later articles 
from the same institution however, Pruitt?* states that 
no actual increase in pulmonary complications in the 
entire population at risk has occurred. 

There are several different mechanisms involved in 
the problem of pulmonary burn complications. These 
can best be considered in regard to time of onset of 
pulmonary findings from the time of burn injury. The 
acute respiratory distress seen within minutes to hours 
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from the time of thermal injury is due to smoke inhala- 
tion, carbon monoxide poisoning, or problems secondary 
to airway obstruction. Following the Cocoanut Grove 
night club fire in Boston in 1942, there were 114 casual- 
ties taken to Massachusetts General Hospital and 75 were 
either dead on arrival or died within minutes.? This 
group of patients with acute onset of symptoms repre- 
sents an important percentage of people who died after 
thermal injury but a small number treated in burn centers. 
Airway obstruction from oral or facial edema, or bron- 
chospasm and alveolar damage from inhalation of toxic 
vapors or particles comprise most of the symptoms found 
in the patients in this group. 

A second group of patients are asymptomatic for 24 
to 48 hours, but develop tachypnea, cyanosis, and hy- 
poxemia 1 to 5 days after being burned. Hypocarbia and 
respiratory alkalosis with decreased compliance and in- 
creased airway resistance follow. Patchy bilateral fluffy 
infiltrates are seen on X-ray. The course is usually pro- 
gressive and may require mechanical ventilation and 
supplemental oxygen. Eventually, respiratory acidosis, 
high pulmonary vascular resistance, myocardial depres- 
sion, and bronchopneumonia usually prove fatal. 

A third group of patients are those developing late 
complications such as pneumonia and pulmonary embolus. 

The purpose of this study is to review the incidence 
and course of pulmonary complications in our burn unit 
with the hope of identifying areas in which treatment 
and prevention may be improved. 


Sil 
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Materials and Methods 


From August 1970 to July 1971, 100 patients were 
admitted to the Orange County Medical Center Burn 
Unit. During this period burn patients were managed 
similarly with respect to pulmonary problems, fluid re- 
placement (essentially Brooke formula), and surface 
management (Mafenide Acetate with and without por- 
cine xenografts ).'' In the emergency room, carboxyhemo- 
globin and arterial blood gas ‘dstersitattone were done 
routinely and a central venous catheter placed for 
fluid monitoring. After initial debridement, and while 
Mafenide Acetate and xenograft dressings were being 
applied, patients with major burns and those considered 
likely to develop pulmonary problems had a radial artery 

catheter placed for multiple arterial blood sampling and 
continuous blood pressure monitoring.’ Escharotomies 
in circumferential chest burns were performed at this 
time. Nurses trained in respiratory management moni- 
tored tidal volume and minute volume, did endotracheal 
suction with sterile technic as necessary, provided humid- 
ification, and encouraged deep breathing and coughing. 
Daily chest X-rays, sputum culture and frequent physical 
examination for upper airway edema and bronchospasm 
were done routinely. In some cases 
catheter was employed to monitor pulmonary artery 
pressure. Aminophylline, (500 mg. intravenously), iso- 
proterenol, (1:200, 2cc, via nebulizer), and dexa- 
methasone (.3 mg./kg./6 hours) were given if broncho- 
spasm occurred. Endotracheal intubation was performed 
for upper airway obstruction, or for use of mechanical 
ventilation. Mechanical ventilation controlled by volume 
was used whenever indicated (outlined later). 

The 100 patients were reviewed for location of burn 
and physical findings (nasal or facial hair burned, soot 
in mouth or sputum, rales, wheezes) radiographic find- 
ings and laboratory studies including carboxyhemoglobin 
levels and blood gases. Patients exhibiting any objective 
evidence of pulmonary pathology were then reviewed 
in detail. 


a Swan-Ganz*" 











TABLE 1. Age Census—Extent of Burns in 22 Patients. 
Per Cent Burn 
0-19 20-39 40-59 60-79 80 + 

0-2 B 

2=14 B A 

15-29 (A) B C \BBBB 
30-49 (A) B B A-B 
50-59 (B) B 
60-69 


70+ A-B B A 


A = Early onset group 

B = Delayed onset group 
C = Late onset group 
Survivors are circled 
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Results 


Of the 100 patients 22 had clinically significant pul- 

monary complications (Table 1). Of these 22 patients, 
died (86%). These were the only deaths in the 100 

patients. On admission, 47 patients had facial burns and 
37 had singed nasal vibrissae. Thus, only half of the 
patients sustaining facial or nasal hair burns developed 
pulmonary problems. More important than facial burns 
in predicting pulmonary problems was the extent of 
the burn and the history. The best correlation was with 
survival probability."° Those patients with very bad 
prognoses based on age and per cent of burn almost 
always developed pulmonary problems. Of 22 patients 
with pulmonary complications, 21 were in an enclosed 
space at the time of injury. Eighteen were in fires in- 
volving clothing or gasoline or both. There were two 
instances of scalding in a 9-month-old baby (95%) and a 
95-year-old patient (10%). Two patients were involved 
in an industrial explosion involving “black powder.” One 
survivor and three who did not survive were involved in 
the same airplane crash and all had prolonged smoke 
inhalation and severe respiratory problems. 

Using McCoy, Micks and Lynch’s!” data on probability 
of survival based on age and per cent of burn only, 11 
had predicted survival rates of less than 10%, six were 
between 10 and 40 per cent and four had a greater than 
40% survival probability. Of these four, three survived 
and one died. Seven patients had positive blood cultures. 
One, a Pseudomonas aeruginosa septicemia, was con- 
sidered to be the direct cause of death. The remaining 
blood cultures were Candida albicans, (five patients, all 
died), and Escherichia coli (one patient who sur- 
vived ). Cultures of tracheostomy sites and endotracheal 
tubes yielded Pseudomonas aeruginosa in three patients, 
Staphylococcus aureus in two, and yeast, E. coli and 
Serratia marcescens in one each. Cultures of burn wounds 
yielded Staphylococcus aureus in nine patients, Pseudo- 
monas aeruginosa in eight patients, Klebsiella-enterobac- 
ter in seven, yeast in three and E. coli in one. Two of the 
patients were considered to have significant burn wound 
sepsis, one of whom died from septicemia. 

Carboxyhemoglobin determinations were not particu- 
larly useful in predicting pulmonary problems. They 
were done as a routine on all patients in this series and 
all but two were below 15% carboxyhemoglobin. The pa- 
tient with the highest carboxyhemoglobin (27%) was 
involved in an automobile accident and later developed 
pulmonary problems. These problems cleared, however, 
and the patient later developed sepsis and died (Case 4). 

All but two of the fatalities and two of three survivors 
eventually had tracheostomies. Seven of these 19 patients’ 
(37%) had endotracheal tubes placed first. All endo- 
tracheal tubes were placed within 48 hours of admission 
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although some tracheostomies were performed as late 
as 5 days postburn. 

Ten patients had arterial Pop values below 70 mm. 
Hg and many of these were on supplemental oxygen. 

There was no correlation between the number of 
blood transfusions and severity of pulmonary problems. 
Ten of the 22 patients received transfusions, three of 
whom received more than 5000 cc. during hospitalization. 

The development of radiologic abnormalities usually 
lagged behind clinical and laboratory evidence of pul- 
monary problems. Ten patients developed “positive” 
chest roentgenograms during the first 48 hours and an- 
other seven from 2 to 10 days. 

Autopsies were performed on 16 of the 19 patients 
who died. Average lung weight was greater than 1,000 
Gm. in six patients, 400 to 1,000 in five patients and 
less than 400 Gm. in three patients. In all of the autopsies 
the lungs showed the most abnormality of any visceral 
organ. Either pulmonary edema, often pink and frothy, 
or bronchopneumonia, usually purulent and confluent, 
or both, were found. One of the victims of the airplane 
crash had no mucosa remaining on the trachea or bronchi, 
only large amounts of necrotic debris. While in the burn 
unit, black bronchial casts were obtained during endo- 
tracheal suctioning. 

There were seven patients (32%) who could be cate- 
gorized as having early pulmonary complications. The 
two who survived had upper airway burns with edema 
and immediate distress. Endotracheal intubation or tra- 
cheostomy was done immediately on six of the seven 
patients (the seventh died 3 hours after admission and 
had greater than 95% burns, many had 3rd and 4th de- 
gree burns). 


Case Reports 


Case 1: A. C. (OCMC 140082) A 27-year-old man was found 
unconscious in his home in a smoke-filled room by the fire de- 
partment. He had sustained 20% second and third degree burns 
involving the extremities, abdomen and face. The nares were 
burned. The tongue was swollen and coated with soot. Rhonchi 
were noted in both bases. 

The admitting chest X-ray revealed some evidence of pul- 
monary edema compatable with smoke inhalation (Fig. 1A). An 
endotracheal tube was inserted in the emergency room and a 
tracheostomy performed in the burn unit. Blood gases were 
monitored via a radial artery catheter. Carboxyhemoglobin sev- 
eral hours after admission was 1%. The patient was given dexa- 
methasone, aminophylline, penicillin, and kanamycin. 

After the tracheostomy was performed copious amounts of soot, 
epithelial cell casts and pink tinged fluid were removed by suc- 
tion and expectorated. A pneumothorax occurred 18 hours after 
admission and a tube thoracostomy was performed, with prompt 
expansion of the lung. The patient was ventilated with a mechani- 
cal ventilator for 8 days. He was confused and uncooperative 
for several days despite adequate oxygenation. Burn wound, 
sputum, and blood cultures grew E. coli and the patient was 
started on cephalothin and gentamicin 5 days after the burn. 
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Fic. 1A. Case 1: (A.C.) on admission. 


Apparent second degree burn on the legs became full thickness. 
Because of persistent ileus, progressive sepsis, and weakness to 
the point of inadequate spontaneous ventilation, intravenous 
hyperalimentation was begun. After 3 days weight loss and nitro- 
gen balance were reversed, the ventilator was discontinued and 
the granulation bed could be grafted. 

The initial X-ray abnormalities resolved to a pulmonary infil- 
trate in the right lung on the 14th post-burn day (Fig. 1B). This 
increased over the next several days and fluffy infiltrates involving 
both lung fields, greater on the right than on the left, were noted. 
The infiltrates slowly resolved over the next 4 weeks (Fig. 1C). 
The burns on the legs required split thickness skin grafts (35 
days post-burn) and the patient was discharged 12 days after 
grafting. 

Case 2: K.D. (OCMC 264860) A 31-year-old man was in- 
volved in a crash of a cargo aircraft. He sustained second de- 
gree face and neck burns totaling 10% of his body surface area 





Fic. 1B. Case 1: 14 days post burn. 
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Fic. 1C. Case 1: Six weeks post burn. 


and severe smoke inhalation. His entire face, ears, buccal mucosa, 
tongue and posterior pharynx were burned (Fig. 2). Laryngeal 
stridor was noted on admission and direct laryngoscopy in the 
emergency room revealed edema of the cords. Tracheostomy was 
performed over the endotracheal tube which had been inserted 
in the emergency room and the patient was then placed on a 





à, r: ~ ú Pty 
SS T a3 ag pe 


Fic. 2. Case 2: (K.D. ) Appearance at admission, patient has mostly 
second degree burn. 
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mechanical ventilator. A radial artery catheter was inserted, and 
dexamethasone (20 mg. IV then 4 mg. q 4h s 3d) was given. 

Admitting carboxyhemoglobin level was 8.9%. Chest X-ray re- 
vealed bilateral diffuse densities which increased markedly during 
the next 3 days. The arterial catheter was removed on the third 
post-burn day and the patient began on daily tubbing and de- 
bridement, The tracheostomy was removed on the 7th post-burn 
day. The patient responded well, did not require skin grafting 
and was discharged 3 weeks after admission. 


Prompt recognition of this first group and aggressive 
therapy seem to be the key to management. Blood gases 
should be monitored closely during the first 24 hours and 
intubation performed if any respiratory embarassment 
occurs. Although the use of steroids in burn patients is 
controversial®: 31 their effectiveness in epiglottitis and 
croup prompts us to use a short course of high dose 
steroid to minimize upper airway edema. Bronchodilators 
are often helpful when bronchospasm (wheezing) is 
prominent. 

The second or delayed complications group of pa- 
tients was the largest group with 14 patients. This group 
contained those with very massive burns. The day of 
onset of respiratory symptoms was inversely related to 
the per cent burn. Typically, a patient with massive 
burns will exhibit no respiratory problems on admission, 
have a negative chest X-ray and normal blood gases. 
However from 24 hours to 5 days after admission the 
patient will become dyspneic, develop pulmonary in- 
filtrates and hypoxia and require mechanical ventilation. 
Two patients were not intubated in this group, one pa- 
tient with a minor burn was noted to have atelectasis 
that responded to inflation and tracheal cleaning, and 
a 9-month-old baby with 95% scald burns. 


Case 3: R. L. (OCMC 292461) A 42-year-old man was clean- 
ing his garage with gasoline when it exploded, engulfing him in 
flames. He ran from the garage and rolled in the grass finally 
succeeding in extinguishing the fire by jumping into a swimming 
pool. He was admitted to the Orange County Medical Center 
Burn Unit with 90% second and third degree burns including 
singed eyelashes and nasal vibrissae and soot in his oropharynx. 
A central venous catheter, arterial line via a radial artery cut- 
down, naso-gastric tube and bladder catheter were placed. His 
chest X-ray was clear on admission. He was started on Mafenide 
Acetate and Neosporin surface treatment. Admission blood gases 
were Po: 82, Pco: 34 and pH 7.43. During the first 24 hours, he 
was given large amounts of fluid and had wide fluctuations in 
central venous pressure. Two days after admission he became 
very hoarse with labored respiration. A naso-tracheal tube was 
placed. X-ray on this day demonstrated pulmonary edema. After 
the naso-tracheal tube has been in place 48 hours a tracheostomy 
was performed. Blood pressure and urinary output became diffi- 
cult to maintain and he died 6 days after admission. At autopsy 
pulmonary edema was noted and the lungs weighed 2,050 and 
1,610 Gm. 

Case 4: G. R. (OCMC 026219) An 1l-year-old boy was 
trapped in a burning automobile following an accident. He suş- 
tained a burn of 55% of his body surface involving the upper one 
half of his body (mostly fourth degree) (Figure 3). On admis- 
sion to the Orange County Medical Center Burn Unit a central 


Vol. 177 « No. 3 


venous pressure line, arterial catheter, nasogastric tube and bladder 
catheter were placed. Surface therapy using Mafenide Acetate and 
xenografts was instituted. He was given several transfusions in 
addition to Brooke formula to maintain his hemoglobin and blood 
pressure. On the fifth post-burn day a tracheostomy was done 
after the patient developed crowing respirations and he was 
placed on a volume regulated ventilator. Bilateral pulmonary in- 
filtrates were noted six days after admission. Staphylococcus aureus 
was cultured from his sputum and he was started on methicillin. 
Later the sputum grew Pseudomonas aeruginosa and gentamycin 
was added. Enzyme treatment (Travase®) resulted in debride- 
ment of eschar with exposure of subcutaneous fat and no granula- 
tion. On the 19th day he was taken to the operating room in 
which sharp debridement and split thickness skin grafting was 
done. The patient died 7 days after operation. At this time 
Pseudomonas aeruginosa was cultured from the blood. X-rays 
were negative (Fig. 4A) until the fifth post-bum day (Fig. 4B) 
when they demonstrated bilateral pulmonary infiltrates which 
cleared by the 12th day except for a residual right upper lobe 
infiltrate (Fig. 4C). Confluent bronchopneumonia was found at 
autopsy. This patient died from Pseudomonas aeruginosa, septi- 
cemia and was the only such patient in this series af 100. 

The late group of pulmonary complications was represented by 
only one patient in this series. This was a 20-year-old woman 
who sustained burns (mostly second degree) over 70% of her 
body surface in an automobile accident. She had facial edema 
and a tracheostomy was performed at an outlying hospital. How- 
ever, she had no pulmonary problems initially with normal 
blood gases and chest X-rays. She responded well for 3 weeks, 
was eating well, afebrile and apparently a survivor when she sud- 
denly died without antecedent or terminal symptoms. The only 
finding at autopsy was an area of bronchopneumonia. It was as- 
sumed that the patient died of arrhythmia without any clinical 
signs of pulmonary insufficiency, but the autopsy findings required 
that she be included here. Although this group was not well 
represente d in this series it is a common one in other reports? 
and usually included bacterial pneumonia or pulmonary em- 
bolism. 


Discussion 
Incidence 


Physiologic fluid replacement and topical antibiotics 
have reduced fatality from shock and sepsis, unmasking 
the high incidence and mortality of pulmonary compli- 
cations. The 22% incidence of pulmonary complications 
agrees well with other series. Stone! reported 15.1%, 
Shook?! 23% and Pruitt? 24%. The mortality rates reported 
in this series also agree with other reported series. Stone 
has reported up to an 89% mortality rate, Shook reported 
that 84% of the deaths in his series exhibited pulmonary 
findings as a major cause of death. Walder! from Brooke 
Army Hospital reported that bronchopneumonia carried 
an 86% mortality rate and Pruitt? also from Brooke re- 
ported that pulmonary edema carried a 71% mortality 
rate. 

With widespread clinical use of blood gas monitoring, 
volume-controlled ventilators and nursing and inhalation 
therapy personnel who are highly skilled in caring for 
patients with pulmonary problems, a more scientific ap- 
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Fic. 3. Case 4: (G.R.) Appearance 6 days after admission. All 


third degree burn plus area of denuded calvarium. 


proach can be elicited for better understanding and 
management of these patients. 


Pathogenesis 
Direct Injury 


Many etiologic factors are interrelated as shown in 
Figure 5, Direct heat injury to the lung is not a major 
contributing factor. Moritz?! demonstrated that a direct 
burn of the respiratory tract below the larynx is extremely 
difficult to produce because of the very effective cooling 
of air by the upper airway. A blast of hot air causes 
reflex closure of the vocal cords reducing even further 
the chance of direct heat injury to the lower respiratory 
tract. Live steam with a heat-carrying capacity 4,000 
times that of hot air can produce direct heat injury of 





Fic. 4A. Case 4: (G.R.) at admission. 
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Fic. 4B. Case 4: Five days post burn. 


the lower respiratory tract; however, this is unusual and 
did not occur in this series. Only one patient of 697 burn 
cases at Brooke Hospital demonstrated evidence of direct 
heat necrosis, and this extended only a few centimeters 
below the glottis.** This does not indicate that the lungs 
do not sustain direct injury. The products of combustion 
of various common substances are very toxic to airways 





Fic. 4C. Case 4: 12th post burn day. 
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and alveoli. Initially, mucosal cilia are paralyzed (Bea!*) 
and cease to clear the airway of debris. Upper airway 
obstruction secondary to inflamed mucosa or plugs of 
soot and mucus may occur. Bronchospasm may be trig- 
gered by irritating chemicals. A loss of surfactant has 
been reported as a consequence of thermal injury." 


Shallow Breathing 


Atelectasis may occur because of decreased movement 
of the chest wall secondary to eschar, pain, narcotics, 
and altered mental status. Tidal breathing is normally 
punctuated by a spontaneous deep breath, a sigh or 
yawn every 5 to 10 minutes.'* These deep respirations 
expand alveoli which are underinflated during tidal 
breathing. A patient with painful burn, ce rebral de pres- 
sion or curass-like eschar loses this important variation 
in the pattern of breathing. Continuous tidal breathing 
results in gradual alveolar collapse, (decreased func- 
tional residual capacity) causing decreased oop ante 
and shunting.?:813 (When the shunt exceeds 25% %, cyanosis 
and tachypnea are noted and the decreased lung volume 
is visible on X-ray as atelectasis.) Atelectasis also occurs 
in areas where pulmonary blood flow is increased by 
gravity in the patient who constantly maintains the same 
body posture. Capillary transudation occurs first in these 
areas (usually the same areas that are poorly ventilated 
during tidal breathing ). 


Increased Lung Water 


Chemical pulmonary edema is one of the major prob- 
lems in dealing with burn patients. There is evidence 
of increased pulmonary capillary permeability from direct 
chemical injury to pulmonary endothelium from a variety 
of sources. Initially irritating chemical products of com- 
bustion are the major insult.!® Good biochemical evi- 
dence has recently been presented for the often postu- 
lated burn toxin. This peptide may prove to play an 
important part in lung and cardiac damage.17° A third 
factor is the low flow state that may occur resulting in 
inadequate perfusion of peripheral tissue and lactic 
acidosis. Prolonged poor perfusion results in cell damage 
and clotting in capillaries. When adequate flow is re- 
established these products are flushed back into the 
venous circulation. The lungs acts as a sieve for this 
material and may sustain damage from direct effects on 
the pulmonary capillary endothelium from activation of 
vasoactive kinins, or from systemic intravascular coagu- 
lation.” Prolonged exposure to high oxygen concentra- 
tion?’ (albeit necessary) and the micro embolic effects 
of blood transfusion?” may be contributing factors. 


Cardiac n 
Compounding these factors which alter capillary per- 
meability are the shifts in circulating blood volume and 
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hydrostatic pressure which lead to preferential edema 
in the hing. During the acute edema phase the entire 
extracellular space is. enlarged (especially when non- 
colloid fluid is infused) and pulmonary transudation oc- 
curs when the left atrial pressure exceeds 25 mm. Hg. 
Right atrial central venous pressure does not reflect the 
minute-to-minute changes occurring in the left atrium. 
The left ventricle may become transiently overloaded and 
go in and out of failure for short periods, leaving extra 
water in the lung interstitium without causing gross 
changes in right atrial pressure. The efficiency of the left 
ventricle improves with increasing atrial filling pressure 
up to about 25 cm. of water, therefore, error on either 
side may be disastrous. Small amounts of proteinaceous 
fluid in alveoli will appear as hyaline membranes on 
histologic examination.1° 


Infection | 

Pneumonitis originating from the burn wound or from 
the endotracheal tube, suction apparatus, or ventilator 
supervenes in areas of boggy atelectasis. The develop- 
ment of pneumonia is a constant threat and seems to 
occur after the patients have survived a series of difficult 
hurdles and are on the way to recovery. 


Pulmonary Embolisin 


Sevitt?! found only a 5.5% incidence of pulmonary em- 
bolism in 163 autopsies on burn patients as compared 


with 20.3% in 468 cases of trauma. No pulmonary emboli 


were recognized in our group of patients. 


Prevention and Management 


Review of the literature and this series of patients 
has resulted in the evolution of the following protocol 
for prevention and management, which has been used 
in our unit since July, 1971. 


Preventing Obstruction 


Close attention to obstruction secondary to edema, 
sloughed mucosa and bronchospasm is essential. Fre- 
quent endotracheal suction or bronchoscopy, examina- 
tion of the upper airway, and the use of bronchodilators 
and steroids (especially in the early phases of upper air- 
way complications) as mentioned earlier are recom- 
mended. Endotracheal intubation is now used in prefer- 
ence to tracheostomy when the major problem is upper 
airway edema. A naso-tracheal tube is passed at the first 
sign of stridor and left in place (with humidification) 
for several days if necessary. The patient is allowed to 
breath spontaneously and mechanical ventilation is in- 
stituted only if needed (see below). It is our impression 
that bacterial contamination is less with this procequrs 
than with primary tracheostomy. : 
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Fic. 5. Pathogenesis of pulmonary insufficiency in burn patients. 


Preventing Atelectasis 


Maximal inflation hourly is emphasized. This can be 
done by use of deep breathing exercises, incentive 
spirometer,* or carefully administered volume controlled 
positive pressure breathing? Escharotomies are done on 
patients with circumferential chest burns. 


Preventing Pulmonary Edema 


Because of the relative insensitivity of right atrial 
pressure monitoring, pulmonary artery pressure monitor- 
ing has been instituted for fluid replacement in addition 
to the CVP in patierits with large burns or difficult respira- 
tory and cardiac problems. A balloon-tipped catheter*? 
is inserted in a peripheral vein and fed through the right 
atrium, and right ventricle into the pulmonary artery, 
Pressure is recorded on an oscilloscope. These pressure 
readings also serve as a navigational aid during introduc- 
tion of the catheter. PA pressure is used as an upper limit 
to volume infusion in a fashion similar to CVP. If the 
mean is less than 10 cm. of water, infusions are accel- 
erated until normal peripheral perfusion is achieved. If 
mean PAP reaches 20 cm. water fluids are curtailed and 
inotropic drugs are instituted. The plan of fluid manage- 
ment in the acute phase has been radically changed. 
There is no doubt that patients in hypovolemic shock can 
be resuscitated with large amounts of crystalloid solution, 
but the price is often pulmonary complications for the 
reasons mentioned above. Plasma is lost into the burn 
wound, and we believe that Moore”? is right in stating 
that plasma must be replaced. Fluid management is 
based on infusion of 5% protein solution in saline to 
maintain normal perfusion (normal arterial pressure, no 
metabolic acidosis). The amount required usually comes 
out remarkably close to the 10% of body weight predicted 
by Moore,!® and is much less than the total volume pre- 
viously given to large burns using crystalloid. The only 
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other fluid given is “dry” estimate of daily water re- 
quirement. 

Diminishing the polypeptide “burn toxin” with early 
eschar excision is an attractive hypothesis worthy of 
laboratory and clinical investigation..18 Some of the 
effects of this or other myocardial depressant factors 
can be reversed with inotropic drugs. We routinely 
digitalize patients with burns over 40%. 


Ventilator Management 


The principles of ventilator management on our sur- 
gical services have been described in detail elsewhere.? 
The need for mechanical ventilation is based on clinical 
judgement and measurements of vital capacity, tidal 
volume, and arterial blood gases breathing air and 100% 
oxygen (Table 2). Tracheostomy is avoided in favor of 
an endotracheal tube to minimize the possibility of air- 
way contamination. A volume controlled ventilator is 
used with large tidal volumes (10 to 15 cc./Kg.), con- 
tinuous positive airway pressure, and intermittent maxi- 
mal inflation to total lung capacity. Daily sputum cul- 
tures and chest X-rays are routines. Systemic antibiotics 
are given only for two consecutive positive sputum 
cultures. 

Using the technics outlined, mortality figures have 
demonstrated improvement. Since this series was -com- 
pleted (July 1971-January 1972) there have been 99 
admissions to the burn unit with 21 pulmonary problems 
(incidence of 22.6%) and six deaths (28% mortality). 
Although the series are not similar (Table 3) we feel 
that we are making progress and this program of manage- 
ment has a sound scientific basis. 


Summary 


Pulmonary complications cause or contribute to the 
death of most patients who die after thermal injury. 


TABLE 2. Indication for Mechanical Ventilation.* 


Breathing 

Needs Ventilator Adequate 
Inspiratory (cmH.C) 
Force 5 20 80 
Vital capacity 
Tidal Volume 1 2 10 
PaO: [10070] 
(mm. Hg) 50 100 600 
Pa.[AIR] 
(nm) o 
PaCO: (mm. Hg) 100 60 | 50 20 


ly Patients with normal lungs 
Patients with chronic pulmonary insufficiency 


* (Adapted from Bartlett, R. H., Post Traumatic Pulmonary 
Insufficiency in Surgery Annual, 1971, (with permission). 
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TABLE 3. Comparison of Series A and B. Series A had an 86% 


Mortality and Series B a 28% Mortality. 








Series A Series B 

Survival Probability 1970-71 1971-72 
<10% 11 2 
10-40% 6 6 
>40% 4 11 





Twenty-two of 100 patients in this series developed pul- 
monarv complications with an 86% mortality. The severity 
of the burn and the history of being in an enclosed space 
are the most important predicting factors. The pulmonary 
complications of burns can be divided into three cate- 
gories with reference to time of onset and pathogenesis: 
0 to 24 hours (direct inhalation damage and airway 
edema), 2 to 5 days (atelectasis, pulmonary edema, 
pneumonitis), and after 5 days (late pneumonitis and 
pulmonary embolism). A program of management based 
on this review is presented emphasizing early intubation, 
mechanical ventilation for specific indications, pulmonary 
artery pressure monitoring, and no crystalloid fluid in- 
fusion. An improvement in mortality statistics has been 
noted since this program was insituted. 
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“Spontaneous” and Traumatic Rupture of the Diaphragm: 


RAUMATIC RUPTURE of the diaphragm is usually caused 
Ty stab wounds or crush injuries to the chest and 
abdomen. It is becoming more common due to an in- 
crease in road accidents and violent trauma. 

On the other hand “spontaneous” rupture of the 
diaphragm is extremely rare. Only two cases, to our 
knowledge, have been reported so far, and one is from 
this department.®?3 

Long-term results of the surgical repair of ruptured 
diaghragm have been published by only a few 
authors.12-19 

The purpose of this paper is to report our experience 
with 14 patients with traumatic and five with “spon- 
taneous” rupture of the diaphragm, and to discuss the 
important diagnostic aspects, the surgical management 
and the long-term results. 


Clinical Material 


Nineteen patients with ruptured diaphragms have 
been seen in this hospital between 1940 and 1970. There 
were 17 males and two females. Their ages ranged from 
seven to 66 years with an average of 41 years. All had 
rupture of the left side of the diaphragm. Fourteen pa- 
tients had a history of trauma (four had bullet wounds 
and ten crush injuries). Five other patients were con- 
sidered to have sustained “spontaneous” rupture. In four 
rupture occurred after sudden severe exertion without 
direct or indirect trauma to the chest or abdomen (in one 
while liftinga wardrobe, in another after a severe twisting 
movement, and in two others during heavy physical 
work in a mine). In the fifth patient, rupture of the 
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diaphragm occurred after a severe bout of coughing 6 
days after left pneumonectomy. 

Of the 14 patients with traumatic rupture, the diag- 
nosis was made in three immediately following injury, 
while in 11 there was a delay of from 1 to 36 years. 
In half of the patients with traumatic rupture the correct 
diagnosis was made more than 5 years after injury. 

Of the five patients with “spontaneous” rupture of the 
diaphragm, only one was diagnosed within 3 days of the 
onset of symptoms. In the remainder, although the onset 
of symptoms was sudden, they subsided and a long 
symptom-free period followed. The diagnosis in these 
patients was established between 9 months and 4 years 
after the onset of symptoms. 


Clinical Findings 

In the traumatic group, dyspnea, epigastric and/or 
subcostal pain and dyspepsia were the most common 
presenting symptoms, while in the “spontaneous” group 
nausea, vomiting, epigastric pain and left-sided shoulder 
pain were more often encountered (Table 1). 

In the traumatic group, five patients had diminished 
air entry over the left hemithorax, one had audible in- 
testinal sounds in the chest, and another had surgical 
emphysema following fractured ribs. 

Nine patients of the traumatic group had associated 
injuries which are summarized in Table 2. 

In the “spontaneous” group physical examination had 
revealed no abnormal findings attributable to the rup- 
tured diaphragm in three patients. Signs of upper in- 
testinal obstruction were found in one patient and in 
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TABLE 1. Presenting Symptoms in 14 Patients with Traumatic and 
Five with “Spontaneous” Rupture of the Diaphragm. 


Traumatic “Spontaneous” 
Rupture Rupture 
Epigastriz pain 10 3 
Dyspnoea 10 1 
Left sided subcostal pain 9 1 
Dyspepsia 7 
Loss of weight 4 { 
Nausea and vomiting 2 4 
Respiratcry distress 3 1 
Left sided shoulder pain 2 3 
Acute intestinal obstruction 1 2 
Cardio-cizculatory shock 2 
Dysphagia 2 
Melena 1 
Gurgling noises in the chest 1 


another one there had been signs of large bowel ob- 
struction and fluid in the left pleural cavity. 
Radiological Findings 

Plain X-rays of the chest showed some abnormality in 
all 19 patients but only in two was a definite diagnosis 
made by this examination. Suspicion of the lesion was 
confirmed in 14 cases by contrast radiographic studies 
(Table 3). In three patients the correct diagnosis was 
not made until operation (one patient with spontaneous 
rupture of the diaphragm following pneumonectomy 
had been first diagnosed as volvulus of the stomach; an- 
other was thought to have a volvulus of the stomach 
also; and in the third patient the lesion was mistaken 
for a left lower lobe tumor. 


Operative Findings 

Eighteen patients have had operative repair of the 
ruptured diaphragm. One patient, who is now 76 years 
old, refused operation. She is being followed regularly 
in the outpatient clinic. 

A left thoracotomy was used in 16 patients and a left 
thoracoabdominal approach in two. All 18 patients had 
rupture of the left diaphragm. In the traumatic group 
three had lesions in the muscular portion and ten in the 
tendinous portion, while in the “spontaneous” group all 
five had tears in the tendinous part of the diaphragm. 
In one of the traumatic cases the tear extended from 
the central tendon into the pericardial sac, opening it 


TABLE 2. Associated Lesions in Nine Patients with Traumatic 
Rupture of the Diaphragm 





Fyacture af the skull, cerebral commotion 

Fractured ribs on one or both sides and pneumothorax 
Multiple fractures of extremities 

Fractured pelvis 
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TABLE 3, Radiological Findings in 14 Patients with Traumatic and 
Five with “Spontaneous” Rupture of the Diaphragm 


Plain Chest Radiographs—19 Traumatic “Spontaneous” 

patients i Rupture Rupture 
Displacement of the heart and 

mediastinum to the right 6 2 
Elevated diaphragm on the left 

side 3 
Bowel shadows in the left 

hemithorax 2 1 
Atelectasis of the left lower lobe 3 1 
Left pleural effusion 4 1 
Right pleural effusion 1 
Left pneumothorax 3 
Right pneumothorax 3 


Opacity suggesting tumour of the 

left lower lobe 1 

Contrast Radiologic Examina- 

tion—14 patients 
Stomach in the left hemithorax 9 2 
Colon in the left hemithorax 6 


widely. The left lobe of the liver had herniated and had 
adhered to the epicardium. At operation 9 months alter 
injury the diaphragm had been repaired but the peri- 
cardial sac had to be left open due to its retraction. 

The length of the tears varied from 2.5 to 8 cm. Three 
patients in each group had circular tears with irregular 
margins, while the remainder had linear tears. Two of 
the three patients with “spontaneous” rupture and small 
circular tears in the diaphragm showed symptoms of 
intestinal obstruction. : 

The organs which herniated into the pleural cavity 
are shown in Table 4. In one patient the herniated colon, 
and in another the jejunum, became gangrenous and 
required resection. A herniated spleen was removed in 
one patient. l 

The diaphragmatic rupture was closed with multiple 
interrupted silk sutures in 15 patients, three of whom 
also had second layers of continuous catgut suture. 
Catgut sutures alone were used in three patients. 


Hospital Mortality 


There were two postoperative deaths, One patient 
aspirated gastric contents at the end of the operation 
and died 6 hours later of bronchopneumonia. The second 
patient died 3 weeks after resection of the gangrenous 
colon as a result of empyema and septicemia. 


TABLE 4. Abdominal Viscera Herniated in the Left Hemithorax 
Across the Ruptured Diaphragm in 18 Patients Operated Upon 


Stomach 13 
Colon 12 
Greater Omentum 10 
Ileum 5 
Spleen 4 
Liver 4 

1 


Jejunum 
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Follow-up 


Seventeen patients who were discharged from the 
hospital have been followed for 3 to 26 years (average 
14 years). One patient had not been operated upon. 
There have been three late deaths, at 9, 12 and 15 years 
postoperatively. The cause of these late deaths was myo- 
cardial infarction in one patient, carcinoma of the lung 
in the second and old age in the third. 

In the patient who died from coronary thrombosis 
the diaphragm was found to be normal at post-mortem 
examination. | 

Fourteen patients are alive to date. One who was 
symptom-free 3 years following repair, cannot be traced. 
Of the remaining 13 patients 12 are asymptomatic and 
one has abdominal pain with no obvious cause. The pa- 
tient who has not been operated upon is alive and well 
11 years after injury. 


Experimental Rupture of the Diaphragm 


In order to elucidate the cause of the left sided pre- 
valence of diaphragmatic rupture the following experi- 
ment was carried out. 

Diaphragms were taken from the autopsy room, within 
the first 24 hours of death. The age at time of death of 
the ten patients varied from 18 to 68 years. 

Both the right and left leaves of each diaphragm were 
mounted in turn into a pressure chamber connected to 
a manometer and a pump. The pressure inside the 
chamber was progressively increased until rupture of 
the diaphragm occurred. The results of this artificial 
rupture of the diaphragm are shown in Table 5. 


Discussion 


The historical aspects of traumatic rupture of the 
diaphragm have been well documented.5.18-20 

Most of the war time injuries causing traumatic rupture 
of the diaphragm are associated with penetrating bullet 


TABLE 5. Comparison of Pressures (kp/cm*) Required to Rupture 
the Diaphragm 
Age at Time 
of Death Sex Left Leaf Right Leaf 
Years 
56 M 1.26 1.54 
47 M 1.12 0.98 
68 F 1.19 1.33 
31 M 1:33 1.68 
t: 0,6614 
68 M 1.12 1.26 
P >03 
56 M 0.84 1.33 
18 M 2.10 1.40 
59 F 0.28 0.56 
60 M 0.49 0.84 
72 M 0.46 0.70 
Mean: 1.0190 1.1620 
Standard deviation: 0.5316 0.3721 
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injuries, However, in one of our patients the rupture | 
of the diaphragm was caused by a crushing injury from 
a tank, 

The majority of civilian injuries are abdominal and/or 
thoracic crushing injuries usually resulting from road 
traffic accidents. In one of the patients the rupture was 
caused by a fall from a height. 

In our series no relationship was found between the 
site of rupture and the embryologically weak part of the 
diaphragm in either the traumatic or the “spontaneous” 
groups. Blunt and indirect trauma producing a sudden 
increase in abdominal pressure relative to the intra- 
thoracic pressure results in a gradient across the dia- 
phragm sufficient to rupture it. This theory is supported 
by the fact that the rupture is more common on the 
left side than on the right, presumably because the right 
hemidiaphragm is protected by the liver. In other pub- 
lished works a leftsided rupture is reported to be 
about eight times as common as a rightsided rup- 
ture, © 9.11,12,18,17,19 22,2628 

It seems logical to consider the protective role of the 
liver which may create an even distribution of the pres- 
sure forces over the entire hemidiaphragm.*+:2° How- 
ever, our experiments indicate that the left hemidia- 
phragm is less resistant to pressure than the right. In 
eight of ten cases the pressure required to rupture the left 
diaphragm was less as compared with the right. However, 
the difference was not statistically significant. 

All the “spontaneous” ruptures occurred on the left 
side. This finding again supports the contention that the 
left leaf of the diaphragm is weaker than the right. 

“Spontaneous” rupture of the diaphragm may result 
from increased transdiaphragmatic pressures. Unequal 
mechanical stretching of the diaphragm should also be 
considered as a contributory factor. 

The diagnosis of traumatic rupture of the diaphragm 
is difficult because the clinical picture immediately after 
trauma is masked by other associated injuries.?®14 In 
our series these have been fractures of the skull, ribs, 
extremities or pelvis, some of them resulting in shock 
and unconsciousness. 

After an initial period, the clinical features involving 
the respiratory, circulatory, or alimentary systems may 
become apparent.12°7-18,1822 Some patients later had 
symptoms resembling chronic pulmonary disease, coro- 
nary artery disease, or chronic gastrointestinal lesions. 
A relatively high proportion of patients had symptoms 
of acute gastrointestinal obstruction. 

The time lapse between trauma and the onset of 
symptoms is probably related to the size of the tear.‘ 
The defect in the diaphragm possibly enlarges with the 
passage of time as a result of changing pressures in the 
abdominal and thoracic cavities. This results in pro- 
gressive herniation of abdominal viscera into the chest.” 
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_It seems to be more difficult to establish the correct 
diagnosis iri the cases of “spontaneous” rupture as com- 
pared with the traumatic ones. The symptoms in patients 
with “spontaneous” rupture are frequently vague, inter- 
mittent, and spread over a long period of time with 
intervals of excellent health. The patient has to be 
interrogated carefully as to the association of sudden 
severe exertion with the onset of symptoms. Symptoms 
of acute upper intestinal obstruction were seen more 
often in patients with “spontaneous” rupture as com- 
pared with traumatic diaphragmatic rupture. This is 
probably related to the small size of the tear in these 
cases. Two out of the three patients who had a small 
tear were in the “spontaneous” group. | 

Plain chest radiographs were abnormal in all the pa- 
tients and confirmed the diagnosis in three. In 14 pa- 
tients the diagnosis was suspected on plain radiographs 
and confirmed by contrast radiography. Barium swallow 
X-ray was found to be the most useful diagnostic pro- 
cedure in both groups. In one patient, however, barium 
swallow was suggestive of a volvulus of the stomach 
and the diagnosis of ruptured diaphragm was made 
at operation. 

The diagnostic value of radiologic examination is of 
equal importance in both traumatic and spontaneous 
rupture of the diaphragm. | 
. The differentia] diagnosis of ruptured diaphragm may 
be difficult. The diagnosis of pneumothorax is often made 
first, as it is a common finding after chest injuries.22.2.28 
Breathlessness, absence of breath sounds, decreased air 
entry on the affected side, and in some cases an elevation 
of the diaphragm may occur in both pneumothorax and 
rupture of the diaphragm. The paralyzed diaphragm 
of traumatic origin causéd by damage to the phrenic 
nerve is rare but should be excluded. Diagnostic 
chest aspiration carries the risk of injury to the herniated 
viscera. Stacker and Korner” reported two patients in 
whom gastric contents were aspirated through the 
thoracic wall. Salomon, Feller and Levy? reported one 
case in which the spleen was injured during chest aspira- 
tion. In doubtful cases exploration should be performed 
preferably through thoracotomy. In one of our patients 
the lesion was missed at laparotomy and the patient 
returned 3 months later with ari incarcerated stomach. 
Operative repair of the ruptured diaphragm should be 
carried out in all patients because of the ever present 
danger cf incarceration and its complications.2:710.21.22,27 
However, one patient in this series refused operation and 
at the present time is 76 years old and asymptomatic. 

The lower. thoracic incision gives an excellent view 
of the diaphragm and can easily be extended into the 
abdomen if necessary. 

Stomach, colon and omentum herniated most com- 
monly. In four patients the liver was also found to have 
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herniated into the chest. In one the left lobe of the liver 
was found in the pericardial cavity. 7 

Associated pericardial rupture is rare, *14271822 Jņ 
our series it was encountered only once. The patient 
complained of abdominal pain and shortness of breath 
on exertion. 

The use of non-absorbable material is the safest means 
of repairing the diaphragm. 

There were two hospital deaths (10.5%). One was 
due to aspiration of gastric contents into the trachea 
and bronchial tree; the other death occurred in a severely 
ill patient with a gangrenous colon in the chest requiring 
resection. The three late deaths were not related to the 
diaphragmatic rupture per se. | 

Recurrence after repair is rare.‘*1415 In our series 
there has been no recurrence on long-term follow-up 
study. Except for one patient who had persistent ab- 
dominal pain, all the others are asymptomatic three to 
26 years after repair of the diaphragmatic rupture. 


Summary 


Fourteen patients with traumatic and five with “spcn- 
taneous” rupture of the diaphragm are reported. Eighteen 
had been operated upon. There were two hospital deaths 
and three late deaths; the latter were not related to the 
diaphragmatic rupture. 

The clinical and radiologic features are described. 
The diagnostic aspects, surgical management, probable 
mechanism of rupture and some experimental evidence 
regarding its location are discussed. The long-term re- 
sults three to 26 years postoperatively are presented. 

“Spontaneous” rupture of the diaphragm should be 
suspected in patients with sudden onset of respiratory, 
circulatory or abdominal symptoms. following severe in- 
stantaneous effort. Traumatic rupture should be sus- 
pected in patients with similar symptoms fallowing in- 
jury to the chest or abdomen. The diagnosis depends on 
adequate radiological examination with accurate selec- 
tion of the procedure and correct interpretation of the 
X-ray findings. 
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Cancer of the Pancreas: 


The Value of Radical and Palliative Surgery 


N THE UNITED STATES, carcinoma of the pancreas is 

the fifth commonest fatal carcinoma following lung, 
breast, large intestine and stomach disease. The inci- 
dence of the disease closely parallels the mortality rate 
and has risen significantly since 1925. The age-adjusted 
mortality rate has risen from 2.9 to 8.2 per 100,000 from 
1920 to 1965.1 

Since Whipple first reported a successful two-stage 
operation for removal of carcinoma of ‘the ampulla of 
Vater, much attention has been given to the use of 
radical surgery for carcinoma of the pancreas; though 
relatively few resections are done. Comparatively little 
has been written about the more common Pave 
treatment. 

This report reviews the outcome of 222 instances of 
carcinoma of the pancreas treated at the University 
of Minnesota Hospital from 1955 to 1970: Only cases 
histologically diagnosed as adenocarcinoma of the pan- 
creas are included. One hundred and fifty-two tumors 
were confined in the head of the pancreas, and 67 in- 
volved both body and tail. Complete follow-up records 
of all patients were obtained. _ 

There is little difference between the average age 
or age distribution in the two groups; those with car- 
cinoma of the head, and those with lesions of the body 
arid the tail (Table 1). The ratio of male to female is 
1.5 to 1 in the head lesions and 1.8 to | in the body 
_and tail lesions. 

Because of the different clinical features, the two 
groups are discussed separately. 
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Carcinoma of the Head of the Pancreas 


Of 152 patients, 136 underwent laparotomy. In 16, 
diagnoses, although suspected clinically, were confirmed 
only at postmortem, operation usually being precluded 
because of the patient’s terminal condition. It was in this 
group that the only symptom of thrombophlebitis oc- 
curred. This is consistent with the original description 
of this association which comes from autopsy examina- 
tion.?4 


Clinical Presentation 


Of the 132 patients who underwent laparotomy the 
following features were observed: 

Jaundice was recognized by the patient in 102 (75%) 
instances, and had been present an average of 7 weeks 
before operation. Abdominal pain occurred in 80 (50%) 
patients. True biliary colic was rare and occurred in 
only two patients. 

That carcinoma of the pancreas is associated with 
painless jaundice proved wrong. Fifty-seven (56%) 
jaundiced patients complained of abdominal pain, a 
percentage similar to that reported by Glenn and Thorb- 
jarnarson.’? In patients who underwent resection, how- 
ever, both symptoms were present in only six of 27 
(24%). 

Back pain was present in 33 (24%) patients and 
proved an ominous symptom since only four of these 
patients had tumors resected. In two the resections were 
incomplete with survivals of 10 days and 3 months. 
A third patient had lymph node metastasis and survived 
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TABLE 1. Age and Sex Distribution of 222 Patients with Carcinoma 


of the Pancreas 


Head Body and Tail Total 
Number 152 70 222 
Average Age . 64.1 61.8 63.4 
Age Range 32-92 33-82 32-92 
Male 92(60%) 45(64%) 137(62%) 
Female | 60(40%) 25(36%) 85(38%) 


12 months. ‘Cattell and Warren? also found pack pain 
to be unfavorable suggesting that it indicated local ex- 
tension of the carcinoma. 

Weight loss was common, occurring in 97 patients 
(71%). The average weight loss in 85 patients, when 
recorded, was 32 Ibs. A large weight loss did not reduce 
the likelitood of resectability since 21 patients having 
resections lost an average of 42 pounds. 

Anorexia occurred in 66 (49%) patients and vomiting 
in 33 (24%) patients. Pancreatitis and alcoholism were 
unusual; only four patients had pancreatitis and six 
had histories or alcoholism. 

Gallbladder disease was common in the group. Seven- 
teen (12.5%) patients had had cholecystectomies, six 
were performed within the previous 12 months without 
the diagnosis of pancreatic malignancy. Of these six 
patients, only three had gallstones, two of whom also 
had normal common duct explorations and the third 
had a spkincteroplasty. One of the other three opera- 
tions was performed for right upper quadrant pain 
and no cetails of the procedure are available. The 
other two patients had no gallstones and one patient 
was. reported to have had an inflamed sphincter of 
Oddi. Nore of the operative records included any com- 
ment on fhe pancreas. 


Physical Signs 

An abdominal mass, thought to be pancreatic, was 
palpable before operation in 11 patients (8%). In only 
one was resection possible and this procedure was in- 
complete. This and similar reports**.”? suggest that when 
a mass is palpable before operation there is little chance 
of resecticn. 

An enlarged liver was discovered in 57 patients 
(42%), and in 28 (49%), liver metastases were found. 

Twenty-one patients had palpable gallbladders, con- 
stituting 15% of all patients and 18% of those who had 
not had previous cholecystectomies. All of these patients 
were jaundiced and seven had abdominal pain. Five 
had the. lesions resected. 

Five patients had clinically detectable ascities and 
two patients had enlarged supraclavicular nodes. 


_ Laboratoro Investigation 


_ Anemia was found in 60 of 114 determinations (53%). 
Guaiac positive stools were found in 23 of 26 patients. 
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Ten patients (7%) were longstanding diabetics and 
11 more were discovered to be diabetic or had diabetes 
of less than 3 months’ duration before the onset of 
symptoms of carcinonia of the pancreas. Thus, the total 
incidence of diabetes was 15%. 

Serum bilirubin was elevated in 85 of the 98 patients 
(87%) in whom it was determined. The average figure 
for thé total serum bilirubin was 13.6 mg./100 ml. Alka- 
line phosphatase was elevated in 87 of 104 (84%) de- 
termination with an average value of 76 units. 

The serum amylase was elevated in only four of 64 
(6%). 


X-Ray Evaluation 


All patients had preoperative chest X-rays. In four 
(3%) there. was definite evidence of pulmonary metas- 
tases, and in four others there were “suspicious’ ” lesions. 

Upper GI X-rays were carried out in 89 patients. 
In 33 (37%) there were findings that were helpful in 
making a diagnosis: The reversed three sign of Frost- 
berg was present only in one, as was widening of the 
duodenal loop. These classical signs are not common. 
The most frequent findings were duodenal compression, 
indentation by a dilated common bile dict, or antral 
deformity. Hypotonic duodenography was not used dur- 
ing the period of this report though it is now done 
frequently. 

As expected in jaundiced patients oral cholecysto- 
grams were of little value and of 25 attempted, 14 
showed nio function. Four of these 14 patients also had 
IV cholangiograms, two failed to function and two 
were normal. Of the 11 successful cholecystograms, seven 
were normal, three demonstrated stones in the gall- 
bladder, and one showed a dilated common duct. 

Sixteen patients had IV cholangiography. Eleven 
showed non-function (all: having elevated bilirubin 
levels) and of the remaining five, three were normal 
(two of these failed to visualize on cholecystography ), 
one was inconclusive, and the other demonstrated a 
dilated common duct., 

Upper GI X-ray series are, Badoe of greater help 


in most patients than standard biliary X-rays, which 


are likely to be of value only when the bilirubin level 
is low. Additional measures such as percutaneous chol- 
angiography, hypotonic duodenography and selective 
mesenteric angiography and radio isotope scanning®?§ 
may be of further assistance in making an accurate 


diagnosis. 


Operative Treatment 


Laparotomy only was performed in 15 instanĉes. 
These patients were in advanced stages of the disease 
and no other operation was practical. The operative mor- 
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TABLE 2. Resection of Carcinoma of the Head of the Pancreas 
Operative Average Survival* 
Number Mortality t (Months) 
Incomplete 
Resection 5 2 23 
Nodes Involved 11 2 12.7 
Nodes not 
Involved i1 0 22.3 
Total 27 4 16.1 





* Survival calculated excluding operative mortality. 
t Death from any cause within 30 days of operation. 


tality rate for this group was 33% and the average post- 
operative survival time was only 3 months. 


Resection 


_ When possible, pancreatic lesions were resected, but 
this procedure was omitted only when local spread or 
dissemination of disease was present. Age, in itself, did 
not appear to be a contraindication to operation. The 
oldest patient who underwent resection was 84 and sur- 
vived 25 months postoperatively. | 
Of the 136 patients explored, 27 had resections (20%). 
Twenty-three patients had preoperative findings, which 
made resection seem unlikely, such as evidence of lung 
metastasis, enlarged supraclavicular nodes, ascitis, or 
a palpable mass in the liver or abdomen. If these 23 
cases are excluded the resection rate would be 27 of 
113 (24%) patients explored with intention of resection. 


Results cf Resection 


Twenty-six patients had radical pancreatico-duo- 
 denectomies and one underwent total pancreatectomy. 
The operative mortality rate (defined in this report as 
death from any cause within 30 days of operation) was 
four (15%). Of these four patients two had incomplete 
resections and the other two had tumors which had 
spread to lymph nodes. 

The average length of postoperative survival could 
be correlated with the stage of disease (Table 2). Those 
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in whom the resection was incomplete survived an 
average of 3.3 months, those with complete resection 
but involved lymph nodes survived an average of 12.7 
months, and those without extension of the lesion or 
nodal metastasis survived an average of 22.3 months. 
Other than the three with incomplete resections only 
two patients, both with lymph node spread, died within 
6 months after operation. 

Of the 27 patients undergoing resection all but two 
deaths were due to recurrent tumor. One patient died 
of coronary thrombosis 25 months after operation with- 
out post-mortem evidence of recurrent tumor, and the 
other was killed in an accident. 


Palliative Operations 


Only length of survival and the need for multiple 
operations are reported. Assessment of palliation for 
relief of jaundice, pain and vomiting as reported by 
others!:2+9-19 was not possible. Ninety-four patients had 
palliative operations. Ninety-one operations initially pro- 
vided biliary drainage, and three provided gastric 
drainage alone. Some patients with biliary diversicn 
also had concomitant gastric drainage. When internal 
gastric drainage was provided, a gastrojejunostomy was 
used, except for one patient who had a gastroduo- 
denostomy. Two patients had T-tube biliary drainage 
and gastrostomies. 

The group of patients having biliary drainage has 
been divided into procedures using the gallbladder for 
drainage (Table 3) and those using the bile duct (Table 
4) and are considered separately. 


Gallbladder for Drainage 


In this group 14 patients had combined biliary and 
gastric drainage operations as the primary procedure. 
Forty-three patients initially had biliary drainage op- 
erations alone, and of those 35 patients who survived 
operation, nine required gastric drainage operations at 
a later date. The average interval between biliary di- 


TABLE 3. Survival in Patients Having Palliative Operations for Carcinoma of the Head of the Pancreas Using Gallbladder for Drainage 


Those with Initial 
Gastric Drainage 


Total Op. Ave. 
Operation No. Mort. Survival No. 
Cholecystostomy 10 1 0 1.5 9 
Cholecysto- 
Duodenostomy 21 1 0 7.5 20 
- Cholecysto- 
© Jejunostomy 26 12 2 7.6 14 
Total 57 14 2 7 43 
14% 


rc yes nee lr heap 
* Survival of those who did not go on to later gastric drainage. 
ł Average interval from biliary drainage to gastric drainage. 
t Average survival after gastric drainage. 


Those without Initial 
Gastric Drainage 


Those with Subsequent Gastric Drainage 


Op. Ave.* Op. Ave. t Ave. f 
Mort. Survival No. Mort. Interval Survival 
4 3.0 0/5 0 0 0 
2 5.4 5/18 0 5.1 4.5 
2 6.2 4/12 Í 14.5 2.3 
8 5.2 9/35 1 8.6 3.7 

19% 26% 11% 
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_ TABLE 4, Survtwal in Patients Having Palliative Operations for Carcinoma of the Head of the Pancreas Using Common Bile Duct for Drainage 





Those with Initial 
Gastric Drainage 


Those without Initial 
Gastric Drainage 


Those with Subsequent Gastric Drainage 





Total Op. Ave. Op. Ave. Op. Ave.t Ave.t 

Operation No. Mort. Survival No. Mort. Survival* No. Mort. Interval Survival 
Choledochostomy 17 3 0 4.6 14 3 ts 6/11 0 5.6 3.3 
Choledocho- 

Duodenostomy 12 2 1 4.0 10 3 6.1 3/7 1 2.4 4 
Choledocho- 

Jejunostomy 5 2 1 7 3 0 3.5 1/3 0 10 4 
Total 34 7 2 49 27 6 6.2 10/21 1 5.0 SLS 

29% 22% 48% 10% 


* Survival of those patients not going onto later gastric drainage. 
} Average interval from biliary drainage to gastric drainage. 
tł Average survival after gastric drainage. 


version and secondary gastric bypass was 8.6 months, 
with an additional mean survival of 3.7 months. Chole- 
cystostomy was carried out in ten patients with the 
operative mortality (40%) and postoperative survival 
(average 2.8 months) rates being comparable to those 
in patients having laparotomy alone (33% and 3 months) 
probably reflecting the advanced stage of the disease 
rather than the method of drainage used. One chole- 
cystostomy failed to drain bile. 

Twenty-one patients had cholecystoduodenostomies. 
One operation failed to relieve jaundice and in another 
patient jaundice recurred. 

Cholecystojejunostomy was the most common bypass 
operation used. Of 26 patients having this operation 
six were Roux-en-Y procedures and in the other 20 a 
loop was used, one having an entero-enterostomy below 
the anastomosis. One patient had no relief from jaundice 
from this method but a subsequent choledochoduo- 
denostomy later produced remission of jaundice until 
death 7 months afterwards. In another, jaundice re- 
curred at 4 months and was caused by a benign stricture 
of the Roux-en-Y anastomosis. The patient survived 
another 10 months after a T-tube was placed in the 
common duct. 

One patient committed suicide 2 days after discharge 
from the hospital. 

Thus, of 57 patients in whom the gallbladder was used 
for drainage, in three patients biliary diversion was not 
achieved and in two more the diversion failed within 
4 months. However, of 47 patients who were well enough 
to undergo cholecystoenterostomy, only two failures of 
biliary diversion occurred (4.2%). 


Common Duct for Drainage 


The common duct was used for drainage in 34 in- 
stances. In seven, gastric drainage was done concomi- 
tantly. Of 27 remaining patients 10 of 21 who survived 
the initia! biliary operation required gastric drainage 
at an average interval of 5 months and survived another 
3.5 months. 


T-tube choledochostomy was done in 17 patients. 
One T-tube failed to drain bile and after a month the 
patient had a choledochojejunostomy at a higher level 
in the bile duct but failed to survive for more than 2 
weeks. Twelve patients underwent choledochoduodenos- 
tomies and five had choledochojejunostomies, three with 
loops and two with Roux-en-Y procedures. No failures 
were observed in choledochoenterostomy. 

Of 91 biliary drainage procedures, four did not func- 
tion immediately after construction and two failed within 
a few months. 


Gastric Decompression 


Only three patients underwent gastric decompression 
without biliary bypass. There were no operative deaths 
and the average survival was 2.3 months. One patient 
subsequently required cholecystostomy for jaundice. 

Biliary bypass alone was done in 70 patients, appar- 
ently without anticipation of duodenal obstruction 
(Table 5). 

However, of the 56 patients who withstood the initial 
procedure, 19 (34%) required operation for duodenal 
obstruction after an average of 7.1 months. Two opera- 
tive deaths occurred, the remaining patients survived 
on an average of an additional 3.6 months. 


Postoperative Gastrointestinal Hemorrhage 


Seven patients of 118 (6%) bled from the gastro- 
intestinal tract after operation, five instances occurred 
in the early postoperative period. 

Of the five patients with early bleeding, one bled 
immediately after operation probably from the suture 
line of a gastrojejunostomy. Another bled from a pre- 
viously known duodenal ulcer 6 days after cholecysto- 
jejunostomy (Roux-en-Y), requiring vagotomy and 
gastrojejunostomy. 

The other three patients bled on an average of 7 
days after operation, probably from stress ulcers and 
received an average of 17 pints of blood. Two had 
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TABLE 5. Survival of Patients Having Palliative Biliary Operations for Carcinoma of the Head of the Pancreas 


tt 


Those with Initial 
Gastric Drainage 


Total Op. Ave. 
Operation No. Mort Survival No. 
Biliary Drainage 91 21 4 6.5 70 
19% 


Those without Initial 
Gastric Drainage 


Those Going on to Gastric Drainage 


Op. Ave.* Op. Ave.t Ave.J 

Mort. Survival No. Mort. Interval Survival 
14 5.5 19/56 2 7.1 3.€ 
20% 34% 11% 


* Average survival of those patients not going on to gastric drainage. 


ł Average interval from biliary drainage to gastric drainage. 
t Average survival after gastric drainage. 


undergone gastric drainage procedures as well as biliary 
diversion. Only one of these patients survived. 

Of the two patients with late bleeding, one died from 
upper gastrointestinal bleeding from an unknown site 
6 months after cholecystoduodenostomy and gastro- 
jejunostomy. The other patient bled from an unknown 
site 2 years after total pancreatectomy and responded 
to transfusion. 


Carcinoma of the Body of the Pancreas 


Seventy patients are in this group, including three 
described as “diffuse.” Fifty of the 70 patients under- 
went laparotomy, the other 20 diagnoses were made 
postmortem in patients initially seen with advanced 
disease. They survived an average of 6.3 months after 
- the onset of symptoms. 


Clinical Features 


Patients who underwent laparotomy showed the fol- 
lowing features: 

Abdominal pain which was the most common symp- 
tom was present in 43 (86%) patients. 

Back pain was also a common and unfavorable symp- 
tom occurring in 28 (56%) patients, none of whom had 
resectable lesions. 

Weight loss was also frequent, occurring in 30 (60%). 
The average weight loss was 32.5 Ibs. 

Anorexia occurred in 22 (44%) patients and there 
was vomiting in eight (16%). Only one patient had a 
history of pancreatitis and only one had a history of 
alcoholism. 

Six patients had undergone previous cholecystectomy 
but not within 12 months of their present illness. 

Only two (4%) noted jaundice, one had multiple liver 
metastases and the other had cholestatic jaundice un- 
related to the tumor in the tail of the pancreas. 

Thirteen (26%) patients had palpable pancreatic 
masses, which is three times the incidence.in patients 
with head lesions, probably indicating a less sympto- 
matic ccurse in patients with body and tail lesions seen 
at a more advanced stage. 

In one patient a mass had been present for 20 years 
but symptoms were apparent only 4 months. At opera- 


tion a cystadenocarcinoma was found, perhaps stemming 
from malignant degeneration of a cystadenoma. This 
was the only patient with a palpable mass in whom 
resection was feasible. 

An enlarged liver was palpable in 13 (26%) patients 
and 12 had liver metastases at operation. Thus, with 
body lesions, liver enlargement is far more likely tc be 
due to metastases than in head lesions, where hepatic 
enlargement may be due to distention, as in 51% of 
the cases in this series. 

Four (8%) patients had ascites, all due to malignancy 
with no portal vein obstruction being found in this series. 

Supraclavicular node enlargement was found in three 
(6%) patients. 


Laboratory Investigation 


Anemia was present in 23 of 44 (52%) patients. Four 
patients were diabetic (8%). 

Only the two patients with clinical jaundice had ele- 
vated serum bilirubin levels. Alkaline phosphatase was 
elevated in 15 of 34 determinations, the average value 
being 40. Nine of these 15 patients had hepatic metas- 
tases. Only one of 15 determinations of serum amylase 
was elevated. 

Three patients (6%) had pulmonary metastases. Upper 
GI X-rays were performed in 38 patients; 24 were normal, 
one was inconclusive, and in 13 (34%) the findings were 
consistent with a pancreatic lesion. Of 12 patients with 
a palpable pancreatic mass who had upper GI X-rays, 
seven had positive findings. 

Seventeen patients had cholecystograms. Twelve were 
normal, three showed gallstones and two were non- 
functioning. 


Operative Treatment 


Fifty patients underwent laparotomy (Table 5). 
Thirteen were regarded as incurable before operation, 
due to pulmonary metastases, ascites, supraclavicular 
node enlargement or a palpable liver. 

Only four patients underwent resection. In two patients 
the pancreatic lesions were discovered during laparotomy 
for other upper abdominal lesions (cholestatic jaundice 
and hiatus hernia repair). Thus, of 48 patients operated 
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TABLE 6. Operations for Carcinoma of the Body and Tail of the 





Pancreas 
Operative Survival 
No. Mortality (months) 
Resection 4 1 13.6 
Palliative 3 0 6.3 
Laparotomy oaly 43 5. 5.7 


upon for carcinoma of the pancreas, two (4%) had 
resections. Of those not believed to be incurable before 
laparotomy, two of 28 (7%) had resections. One patient 
died after operation and the average postoperative sur- 
vival was 13.6 months. Three patients had palliative 
operations; two were gastrojejunostomies and the third 
procedure was a cholecystojejunostomy Roux-en-Y. The 
average postoperative survival was 6.3 months. 

In the remaining 43 patients, five (12%) died after 
operation, and the survival of the rest averaged 5.7 
months. 


Comments 


Patients with carcinoma of the head and those with 


tail and body lesions have similar incidences of weight 
loss, anorexia, vomiting and history of gallbladder dis- 
ease. Jauncice is more common in head lesions, and 
abdominal pain is prominent in both groups. Back 
pain is twice as common in body lesions as in head 
lesions and is a highly unfavorable symptom. 

The presence of a palpable mass is three times more 
common in body and tail lesions and makes the chance 
of resectior remote. An enlarged liver with body and 
tail lesions is believed to be due to malignancy; head 
lesions in ‘aundiced patients are as likely to be due 
to distention (51%). 

Standard laboratory and radiologic investigations 
were not of great early diagnostic value. 


Resection 


Some authorities’? question the advantage of resection 
in any patient with carcinoma of the head of the pan- 
creas while others® feel that it can be performed on 
carefully selected patients. Objections to the operation 
concern operative mortality and long-term survival. In 
this series the operative mortality for resection of head 
lesions was 15%. Resection has been advocated as a 
palliative srocedure but from the poor survival rate 
of those who, in this group, had incomplete resection, 
it would appear that a palliative bypass operation 
would be >referable. 

There were no 5-year survivals in this series. The 
longest survivor (51 months) had undergone total pan- 
createctonry. This operation has been advocated by 
others®18.2¢.21 as a curative procedure. 
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The operative mortality of those patients who under- 
went laparotomy only (33%) and of those who had a 
palliative operation (20%) was higher than with resection 
but probably reflects a more advanced stage of the 
disease. 


Biliary Bypass Procedures 


The greatest number of patients with pancreatic car- 
cinoma are treated with palliative surgery but this group 
has received relatively little attention. Consideration 
should be given to which type of biliary bypass is 
preferable and whether a concomitant gastrojejunostomy 
is appropriate. 

In this series of palliative procedures (Tables 3 & 4), 
the gallbladder was used for bypass in 62% of the pa- 
tients and in 38%, bypass was through the common bile 
duct. In the latter group of patients 12 of 34 had pre- 
vious cholecystectomies and five had cholecystectomies 
either for gallbladder disease or as part of exploration 
at the time of operation. Therefore, in half of this group 
there was no choice as to the type of bypass. There 
appears to be little difference as to the results of using 
the gallbladder or bile duct!*1° for drainage but use of 
the gallbladder is technically easier. In some cases, 
reviewed by us, jaundice recurred because of obstruction 
rather than of hepatic metastases. Careful evaluation 
of the biliary tract is advisable at initial operation and 
perhaps this should include an operative cholangiogram. 
This procedure would demonstrate those instances in 
which the cystic duct runs parallel to the common bile 
duct for some distance. If there appears to be little 
likelihood of late cystic duct or low common duct in- 
volvement, an anastomosis to the gallbladder is the easier 
procedure. In addition, the observation that emptying 
the gallbladder decompresses the common duct is help- 
ful. There does not appear to be any definite evidence 
whether a loop, with or without enteroanastomosis, is 
preferable to a Roux-en-Y type of anastomosis. The risk 
of ascending biliary tract infection using a loop anasto- 
mosis may have only theoretical importance in patients 
who have such a short period of time to live. 


Gastric Decompression 


An important question during palliative surgery is 
the necessity of concomitant gastrojejunostomy. The 
first suggestion to incorporate this as a routine operation 
came from Glassman and Johnson’! who based their 
decision on three of 20 patients returning with late duo- 
denal obstruction. Pipes and Pareira!® found that five 
of 18 patients required gastrojejunostomy for duodenal 
obstruction as a second procedure, although none of 
these patients had evidence of duodenal obstruction’ at 
initial operation. Glantz and Ozeron’® found that duo- 
denal obstruction alone occurred as a presenting symp- 
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tom in 5% of their patients, but that in 22 who survived 
biliary decompression without gastric decompression, 
1} developed duodenal obstruction. Five underwent 
. laparotomy for this condition. Some believe that 
the need for gastrojejunostomy can usually be ascer- 
tained at the time of the original exploration but this 
is contrary to the opinion of the other authors mentioned. 

In this series (Table 5) of 91 patients, 21 underwent 
biliary decompression and combined gastric bypass at 
initial operation. The operative mortality rate was 19%. 
Seventy patients originally had only. biliary decompres- 
sion with. an operative mortality rate of 20% so that 
the additional operation of gastrojejunostomy does not 
appear to affect the operative mortality rate. Fifty-six 
patients survived the procedure of biliary decompres- 
sion and 19 (34%) developed late gastric obstruction 
requiring operation. The obstruction appeared on an 
average of 7.1 moiitlis after the first operation. After 
a second operation the mean survival rate was 3.6 
months. 

This evidence strongly suggests that in patients under- 
going palliative operation for carcinoma of the head of 
the pancreas, a considerable number will be saved from 
the necessity of a second palliative operation for relief 
of gastric obstruction if a gastrojejunostomy is carried 
out as a routine poate at the first operation. 


_ Summary 


The records of 222 patients with carcinoma of the 
pancreas are reviewed. There were 152 patients _ with 
carcinoma of the head and 70 patients with carcinoma 
of the body and tail. One hundred and thirty-six pa- 
tients with carcinoma of the head of the pancreas under- 
went laparotomy. Twenty-seven patients (20%) under- 
went resection with an operative mortality of 15% and 
an average. postoperative survival of 16.1 months. Ninety- 
one patients had palliative biliary bypasses, 20 of whom 
underwent gastrojejunostomy at the same time. Of the 
56 patients who survived biliary bypass alone, 19 (34%) 
underwent gastrojejunostomy at an average of 7.1 months 
after initial operation and lived an additional 3.6 months. 
Patients undergoing resection had the longest survival, 
and although there were no 5-year survivors, resection 
appears to offer good palliation. Bypass procedures are 
recommended for relief of biliary and gastric obstruc- 
tion. 

The routine use of gastrojejunostomy as well as biliary 
bypass is advocated curing the initial palliative opera- 
tion. l 
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Factors Influencing Morbidity and Mortality in 


HE VALUE of the standard pancreaticoduodenectomy 
I: carcinoma of the head of the pancreas or the 
ampulla of Vater has been questioned. Crile found that 
just performing palliative procedures for these diseases 
resulted in a longer survival than did attempted curative 
resection.™? It is the high incidence of operative compli- 
cations and surgical mortality occurring with pancreat- 
icoduodenectomy that remains the major objection to 
the procedure. This high incidence of complications is 
not necessary; Warren et al. and Howard? have reported 
long personal series of patients in which no operative 
deaths occurred. Factors other than just the diagnosis 
of carcinoma of the pancreas or of the ampulla must be 
able to affect the operative risk to these patients. These 
factors could be such things as patient selection, extent 
of disease and surgical technics employed. To evaluate 
these factors, and their effect on operative morbidity 
and mortality the cases of pancreaticoduodenectomy 
performed at the Minneapolis V.A. and University of 
Minnesota Hospitals were analyzed. This group of pa- 
tients were particularly suited for such an analysis 
because the procedures were performed by many sur- 
geons at various levels of experience using different cri- 
teria of operability and a variety of technics. This group 
thus allowed for a comparison of each of the different 
factors. 


Materials and Methods 


The charts of 88 patients undergoing pancreatico- 
duodenectomy between 1951 and 1970 were reviewed 
and information pertaining to their histories, physical 


examination, laboratory data, operative findings, opera- 
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tive procedures and postoperative problems was entered 
on punch cards. The numerical relationships of these 
factors on operative deaths and major nonlethal compli- 
cations were then ascertained by cross-drawing the 
cards. Operative deaths were considered to be any 
patient that died without leaving the hospital following 
the procedure, Patients dying even after several months 
were still considered operative mortalities if they had 
not yet left the hospital. “Major, nonlethal complica- 
tions” were considered to be any one of the following: 
anastomatic leaks, intra-abdominal abscess or peritonitis 
requiring a second procedure, gastrointestinal hemor- 
rhage to a degree to require more than two units of 
blood transfusion, documented myocardial infarction 
resulting in hypotension, pneumonia severe enough to 
result in hypoxia, and pulmonary embolus. One or more 
of these complications occurred in most patients that 
died and hence appeared only in the postoperative 
death group and not in the major nonlethal complication 
group. Chi square analysis was performed to determine 
the significance of differences in the groups. Statistical 
analysis was performed only on the sum of the major 
nonlethal complications and the deaths. Cure rates and 
long term follow-up was performed only on 37 patients 
at the Veterans Administration Hospital. 


Results 


The age distribution of the patients seen in Table 1 
indicates the majority of the procedures were performed 
on patients aged 65 to 74. At the University of Minne- 
sota Hospitals where the male predominerice of the 
Veterans Hospital is avoided, there were 32 male patients 
and 19 female patients for a ratio of 1.7 to 1. 
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TABLE 1. Age of Patients 


Age Range: 18 to 74 





Age Distribution: Number Per Cent 
<45 7 8 
45 to 54 22 25 
65 to 64 16 18 
65 to 74 35 40 
>75 8 9 
TABLE 2. Risk of the Procedure 
U of M ` VAH Total 


No % No. % No % 


I. No Comolica- 


tions 24 47 6 16 30 34 
II. Died in the 

Operating Room 1 2 0 0 i 1 
HI. Minor Complica- 

tions 15 29 7 19 22 25 


IV. Major Non- 
Lethal Complica- 


tions 1 2 15 41 16 18 
V. Postoperative : 

Death (in 

hospital) 10 20 9 24 19 22 





The overall risk of the procedure is seen in Table 2. 
Fifty-nine per cent of the patients had no or only minor 
postoperative problemis, while 41% either died or had 
life threatening complications. The mortality rate from 
the procedure was 23%. The types of complications and 
their relative risk is seen in Table 3. While anastomotic 
leaks were listed-as having occurred in only 14% of the 
cases, generalized peritonitis was probably the result of 
a leak although not described as such in the patient's 
chart. If these six cases are iricluded as anastomotic 
leaks, then about one fifth of all patients had such a 
problem. 


PANCREATICODUODENECTOMY 


333 
TABLE 3. Types of Complications 
(Combined Series—88 Cases) 
% With 
Complication 
No. Per Cent That Died 
Anastomotic Leak 13 14 82 
Pancreas 4 4 75 
Biliary 7 8 57 
Combined 2 2 100 
Intra-abdominal Infection 20 23 15 
Generalized Peritonitis 6 7 83 
Localized Abscess 14 16 6 
Postoperative Bleeding 16 18 56 
intra-abdominal 4 4 50 
Gastrointestinal 12 14 « 5 
Wound Problem 20 23 30 
Infection 17 19 18 
Dehiscence + Infection 3 3 100 
Other 33 37 60 
Myocardial Infarction 1 2 100 
Pneumonia 24 27 46 
Renal Failure 8 9 100 


In the 37 Veterans Hospital patients, where long-term 
follow-up was available; delayed complications occurred 
in 28%. Four (11%) had repeated episodes of cholangitis, 
five (14%) had pancreatic exoerine insufficiency and 
one returned with an intra-abdominal abscess found 
6 months after the operation. None,of the delayed com- 
plications were lethal and all but three of the delayed 
deaths were due to tumor recurrence. The other three 
deaths were due to unrelated causes. 

Factors that could be evaluated preoperatively to 
assess the risk of the procedure are listed in Table 4 
and 5. The presence of jaundice, obesity, past heart 
trouble, alcoholism, laboratory evidence of elevated 
prothrombin time and X-ray evidence of tumor invasion 
of the duodenum all significantly increased the morbidity 
of the operation. It is of interest that chronologic old 


TABLE 4. Factors That Lead To Complications 


Major But Nct 


Number Lethal Complications 
of m 
Patients Number Per Cent 
Symptom 
Jaundice 71 15 21 
No Jaundice 17 1 6 
Complaint of Pain 44 4 9 
No Pain 44 11 25 
Weight Loss > 15 Pounds 42 6 14 
Weight Loss <15 Pounds 46 3 6 
Associated Condition 

Age Over 65 43 8 18 
Age Under 65 45 7 16 
Alcoholic 12 2 16 
Non-Alcoholic 76 13 17 
Heart Trouble 

(past or present) 24 4 17 
No Heart Trouble 64 11 17 
Other Disease Present 
No other Conditions 32 4 12 

Present 17 4 24 


Hospital Deaths Total 

- - - Significant 
Number Per Cent Number Per Cent Diference 

16 22 31 43 

4 23 5 29 yc 

12 27 16 36 

8 18 19 43 ng 

7 16 13 30 

6 12 9 18 ae 

12 28 20 46 

8 18 15 34 sd 

4 35 6 51 

16 21 29 38 yes 

9 37 13 54 

11 17 22 34 yes 

10 31 14 43 se 


2 12 6 36 J 
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Major But Not 
Number Lethal Complications 
of cee neers tak eC 
Patients Number Per Cent 
Finding 
Liver or Gallbladder felt 51 8 15 
No Mass or Organomegaly 37 7 16 
Obese 7 2 28 
Normal or Thin 81 14 17 
Laboratory Data 
Anemia (Hb <12 
gm./100 ml) 12 2 16 
No anemia present 76 14 18 
Bilirubin >10 mg./100 ml. 45 10 22 
Bilirubin <10 mg./100 mi. = 43 6 14 
Alkp’tase >25 K.A.U.%: 51 11 21 
Alkp’tase <25 K.A.U% 37 5 14 
Albumin <3 Gm. 25 3 12 
Albumin > 3 Gm. 63 13 20 
Prothrombin time l 
>15 sec. 36 7 19 
Prothrombin time 
<15 sec. 52 9 17 
Evidence of Tumor on X-ray 38 7 18 
No Evidence . 50 9 18 


age, in itself, was not a factor; only one of the eight 
patients over 75 years of age was an operative mortality. 

The pathologic findings present at the time of operation 
made little difference in operative mortality (Table 6). 
There were six cases of pancreaticoduodenectomy for 
benign conditions. Five of these were done for mistaken 
diagnosis of malignancy that proved to be a stone im- 
pacted at the ampulla or chronic pancreatitis and one 
died (20%). The other instance was done for traumatic 
rupture of the pancreas and this patient also died. The 


Hospital Death Total 
Significant 
Number Per Cent Number Per Cent Difference 

13 26 21 41 

7 16 14 32 saad 

2 28 4 56 z 
18 22 32 39 Á 

3. 25 5 4i 
17 22 31 40 Pe 
12 27 : 22 49 

8 18 14 32 his 
10 19 21 40 
10 27 15 41 a 

8 32 11 44 
12 19 25 40 We 
11 30 18 49) 

yes 

9 17 18 34) 
11 29 18 47 z 

9 18 18 36 y 


size of the tumor so long as it did not invade the adjacent 
tissue made no difference in the operative risk. 

A statistically higher morbidity, however, did occur 
in the patients in whom the bile duct was less than 
1 cm. in diameter. This increased morbidity is appar- 
ently due to technical difficulties encountered in the 
anastomosis of the small bile duct to bowel because the 
majority of the complications occurring were associated 
with biliary fistulas’ or peritonitis secondary. to biliary 
fistulas. 


TABLE 6. Factors That Lead To Complications 


Pathology Present 
Major But Not 
Number Lethal Complications Hospital Death Total 
of sn Significant 
Patients Number Per Cent Number Per Cent Number Per Cent Difference 
No Tumor Present 6 0 0 2 33 2 33 
Malignant Disease 82 16 > 20 18 22 34 42 ú 
Carcinoma of Pancreas 50 16 32 9 18 25 50 
Carcinoma of Biliary System 24 5 21 6 25 11 46 no 
Other Tumor With Invasion 7 0 0 3 43 3 43 
Size of Tumor <4 cm. 61 11 18 13 21 24 39) 
Size of Tumor > 4 cm. 15 2 13 5 33 7 46) a 
Pancreatic Duct Pee : . ; 
(>1 mm) 30 2 7 5 17 7 24 
Pancreatic Duct Small \ no 
(<imm) ` 54 5 9 15 28 20 37 
Biliary Duct Dilated 
(>i cm) 34 3 9 6 18 9 27) 
Biliary Duct Small | ' yes 
(<1 cm) 54 13 24 14 26 27 sof 
Vascular Invasion 9 2 22 2 22 4 44 ao | 
No Vascular Invasion 79 14 18 18 23 27 41 
Adjacent Organs Invaded 18 3 17 4 22 7 39 
Limited To Pancreas 70 13 18 16 23 29 


39 no 
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TABLE 7. Factors That Lead Te Complications 


Pancreatic Anastomosis , 


General: 
88 cases—6 leaks = 7% 
Factors: 
Leaks 
No. 
Patients No. % 
End to Side 71 5 7 
End to End 17 1 6 
With Stint 31 2 6 
Without Stint 57 4 7 
Biliary Anastomosts 
General: 
88 cases—9 leaks = 10% leak 
Factors: Leaks 
No. 
Cases No. % 
With Stint 9 1 11 
Without Stint 79 8 10 


When the operative technics employed were analyzed, 
very few things were found to significantly alter the 
mortality. Whether the anastomosis of the bile duct or 
the transected pancreas to bowel was performed end- 
to-side or end-to-end or whether it was performed with 
or without internal stints made no difference in the 
operative morbidity (Table 7). The number of suture 
layers in the anastomosis and the sequence of anasto- 
mosis, i.e. bile duct proximal and pancreatic duct distal 
or vice versa, also made no difference. Extending the 
standard pancreaticoduodenectomy to include adjacent 
organs because of tumor involvement, however, did 
increase the mortality. Five of ten (50%) patients died 
when the pancreaticoduodenectomy was performed to 
include the colon, body of the pancreas, proximal 
stomach or blood vessels, This is significant when com- 
pared to 1, deaths in 78 “standard” procedures (12% 
death rate). 

The advisability of performing some procedure to 
protect against acid-peptic or stress ulcer disease in the 
postoperative period and the results of upper gastro- 
intestinal hemorrhage are shown in Table 8. In the 
cases in which no vagotomy and less than a 50% gas- 
trectomy was performed, 20% of the patients had sig- 
nificant postoperative hemorrhage. Where some pro- 
tective procedure was performed by either a larger 
gastrectomy or a vagotomy or both only 7% had post- 
operative hemorrhage. This is about one third the inci- 
dence in the “unprotected” cases. Soft rubber or sump 
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TABLE 8. Postoperative Gastrointestinal Hemorrhage 
No. 
No. with GI 
Patients Hemorrhage % 


Total 88 12 14 
Factor 

No Protection (No vago- 

tomy and <50% 

gastrectomy) 47 9 20 

Some Protection 

(Vagotomy of >50% 

gastrectomy) 41 3 7 


drains were left in the abdomen in the majority of 
instarices (Table 9). It is apparent from the analysis 
of these cases that the placement of drains afforded no 
protection against the development of peritonitis or 
intra-abdominal abscess. In fact, this problem was twice 
as frequent when drains were left in the abdomen. 
Further, the incidence of leaks at the anastomatic sites 
was four times as great in those instances when drains 
were left. 

Perhaps the results were affected more by how well 
the procedure was done than by the method which was 
used. The operative morbidity triples when the pro- 
cedure extended beyond 8 hours and then doubled 
again if it went beyond 10 hours (Table 10). The mor- 
bidity rate doubled in instances where more than 2500 
ml. of blood was transfused. 

The experience of the surgeon was obviously a sig- 
nificant factor. The procedures performed personally 
by three acclaimed “expert surgeons,” each of professorial 
academic rank and greater than 5 years of surgical 
experience at the time the procedure was performed, 
were selected. These were compared to all other cases, 
some of which were done by senior residents, some by 
younger staff surgeons and some by equally “expert 
surgeons.” Surprisingly there were no deaths in the 
procedures performed by the experts and there was 
not even a major complication. Excluding the operations 
performed by the 3 expert surgeons, there was a 50% 
mortality rate in the other cases. 

Finally, it was found that general experience and 
advanced technology have not significantly affected the 
operative problems (Table 11). The mortality rate 
remains the same through the years, but nonlethal com- 
plications of the procedure have increased. The increased 
salvage rate once the major complications occur is 


TABLE 9. Factors That Lead to Complications 
Drains 
Number Leaks Peritonitis or Abscess Deaths 
of 
, Patients Number Per Cent Number Per Cent Number Per Cent 
Drains Left 50 11 22 16 32 t5 30 
6 15 5 13 


No Drains 38 2 5 
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TABLE 10. Factors That Lead To Complications—O perative Procedure 


Major But Not 


Number Lethal Complications 
of 
Patients Number Per Cent 
Time of Surgery 
Less than 8 hours 20 2 10 
8 to 10 hours 35 5 14 
Greater than 10 hours 26 4 15 
Blood Loss i 
Less than 2500 ml 63 12 19 
Greater than 2500 ml 25 4 16 
Experience 
3 acclaimed experts 16 0 0) 
All Other Staff 72 16 22 


probably due to improved postoperative care but this 
has not affected the operative mortality. 


Discussion 


This comparative analysis of group morbidity and 
mortality rate differences which is based on groups 
selected by single factors in the history, physical find- 
ings, laboratory data, pathologic findings, or technics 
employed in performing the procedure has been made 
with the realization that many factors go into making 
each group. Take, for example, the groups of patients 
treated by the “expert surgeons.” While they are similar 
in that all procedures were performed in less than 10 
hours, there was less than 2500 ml. of blood loss, there 
was no drainage and there was some ulcer protective 
procedure performed, they were dissimilar in that eight 
of the patients had stints used in their pancreatic biliary 
anastomosis, and eight did not; 12 patients had end-to- 
side pancreatic anastomoses and four instances were done 
end-to-end. Which of these factors lead or did not lead 
to the success of the procedure cannot be determined 
by the method of analysis employed. The numerical 


TABLE 11. Are We Getting Better? 
Major Non-Lethal 

Complication Mortality 
Years in Which Number 


_the Procedure Was of Per Per 


Hospital Death Total 
Number Per Cent Number Per Cent 

D 0 2 10 
6 17 11 31 

13 50 17 65 
7 ti 19 30 

13 52 17 68 
D 0 0 0 

20 28 36 50 


relationships assigned in this analysis can therefore only 
serve as a guideline in the selection of patients for 
pancreaticoduodenectomy and of technics employed in 
performing the procedure. 

In brief, the factors that appear to increase the surgical 
complication rate and mortality are the presence of 
severe jaundice, alcoholism, associated heart disease, 
elevated prothrombin time, and duodenal invasion de- 
tectable by roentgenologic contrast studies. The age 
of the patient should not be a factor in deciding whether 
the procedure should be done, but he should not be 
obese, or alcoholic and should be free from associated 
disease, especially heart disease. Bilirubin should be less 
than 10 mg./100 ml. and prothrombin time should be 
normal. It would appear that pancreaticoduodenectomy 
should be performed only by expert surgeons who can 
do the procedure in less than 8 hours and with less than 
2,500 ml. of blood loss. The procedure should not be ex- 
tended to include adjacent involved organs. When per- 
formed the procedure should have an accompanying 
vagotomy or greater than 50% gastrectomy and no drains 
should be left in the abdomen. 

If all these criteria were met, the operative mortality 
and morbidity rates should, indeed, be very low. The 
decision to attempt a curative resection when carcinoma 
is present in such cases would appear advisable. Unfor- 
tunately, none of the 88 patients in this study fit all 
these criteria. Obviously, a less strict selection of pa- 





Done Cases Number Cent Number Cent tients was employed and yet offered some chance of 
1951-1959 3] 9 29 7 27 cure. The cure rate observed in these patients is seen 
1960-1965 39 19 48 10 26 in Table 12 and Figure 1. For all cases in which resec- 
1966-1970 18 8 34 3 17 tion was attempted, the 5-year survival rate was 17.4%. 

TABLE 12. Survival 
(VAH—33 Patients) 
Total Operative Lost In Alive Alive Alive Alive 
Long-term Survival Cases Mortality Follow-up 6-12 mo. 1-2 yrs. Over 2 yrs. Over 5 yrs 
1) Carcinoma of Head of Pancreas 21 5/21 (24%) 1/16(5%) 15/20¢75%) 11/19(58%) 3/17(18%) 2/16(13%) 


2) Carcinoma of Biliary System 12 


2/12(17%) 2/10(20%) 8/10(80%) 7/10(70%) 5/9(55%) 2/7(29%) 
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Patients with carcinoma of the head of the pancreas 
had a 13% 5-year survival and those with carcinoma 
of the ampulla of Vater had a 29% 5-year survival. This 
is comparable to similar survival figures of 12% for carci- 
noma of the pancreas reported by Warren® and 14% 
reported by Monge.‘ For carcinoma of the biliary tree, 
Warren reported a 32% survival and Monge, a 25% 5-year 
survival. 

In conclusion, based on the data in this group in 
which no strict preselection was made, one must weight 
an operative mortality of 23% against a 5-year cure rate 
of 17.4% when use of a pancreaticoduodenectomy is 
considered. The data indicate that this operative mor- 
tality can be decreased if a prudent selection of patients 
is made and the operation is performed only by an 
accomplished surgeon. Because of the opportunity to 
` offer a cure to significant numbers of patients, curative 
pancreaticoduodenectomy should not’ be denied all 
patients with these otherwise lethal diseases. 


Summary 


The records of 88 patients undergoing pancreatico- 
duodenectomy were reviewed to determine what effect 
various factors in patient selection, extent and type of 
‘disease process present, or technics employed in per- 
forming the procedure had on the rate o! operative 
morbidity and mortality. 

Patients with obesity, heart disease, alcoholism, serum 
bilirubin greater than 10 mg./100 ml., prothrombin time 
greater than 15 seconds, roentengenlogic evidence of 
. tumor invasion of the duodenum, and an operative find- 
ing of a nondilated common duct had significantly higher 
morbidity rates with the procedure. The age of the pa- 
tient made no difference. Less postoperative problems 
were encountered if no drains were left in the abdomen 
and if a vagotomy or a greater than 50% gastrectomy 
was performed, ‘The skill of the surgeon is an important 
factor as shown by the fact that procedures performed 
by experienced skilled surgeons had no mortality. 
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Survival After Pancreatico~duodenectomy 
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Fic. 1. Survival curve for 33 patients undergoing carcinoma of 
the pancreas or carcinoma of the biliary tree. 


The operative mortality rate in these 88 patients was 
23% and the 5-year cure rate was 17.4%. It is concluded 
that pancreaticoduodenectomy should be performed for 
selected patients by skilled surgeons and not cate- 
gorically denied all patients. 
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Pancreatic Exocrine Insufficiency: 


V. The Effects of Long-Term Pancreatic Duct Ligation on Serum Insulin Levels and 


T" HAS BEEN DEMONSTRATED that following ligation of 
the pancreatic ducts in dogs atrophy and fibrotic 
replacement of the pancreatic acini result. A decrease 
in exocrine function results almost immediately, as re- 
flected by a significant decrease in body weight and 
increase in fecal fat excretion. Complete acinar atrophy 
is generally observed by the end of 3 to 4 months.? 
Pancreatic duct ligation was the model first utilized by 
Banting and Best to extract insulin from the persistent 
islets. 

Early investigations concerning -the effects of pan- 
creatic duct ligation focused primarily on the effects 
of pancreatic exocrine function, with little attention 
being given to the effects of pancreatic duct ligation 
on pancreatic islet cell function. Meanwhile, clinical 
studies have shown that patients in advanced stages of 
chronic pancreatitis often demonstrate severe atrophy 
of the acini and fibrous replacement, not unlike the duct 
ligated model. In such patients, Howard and Nedwich* 
have demonstrated that the islets of Langerhans remain 
histologically intact. As shown by Rogers, Pairent and 
Howard,!? as well as several other investigators,®8 such 
patients are often diabetic. The resultant diabetes is 
characterized by a low blood insulin level and a sub- 
normal response of blood insulin levels following the 
oral administration of glucose. 

While early investigators!’ had suggested a functional 
relationship between pancreatic exocrine and endocrine 
functions, further evidence of this interrelationship be- 
tween acinar cell function and islet cell function had 
been virtually neglected until very recently.*1° 
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The earliest evidence that pancreatic exocrine func- 
tion can affect islet cell function was presented by 


- Bayliss and Starling’ and Moore et al.* who found that 


secretin, a hormone responsible for stimulating release 
of enzymes from the pancreas, had also been responsible 
for stimulating the release of insulin from the pancreas. 
Recently, Rogers! confirmed that intravenous secretin 
stimulates an immediate and significant release of insulin 
into the splanchnic circulation and that there was a 
diminished insulin secretion in response to intravenous 
secretin in patients with pancreatic diabetes as com- 
pared to normal patients. 


Materials and Methods 


Thirteen dogs of either sex, weighing between 16 and 
30 Kg. were studied over a 25 to 37-week period be- 
fore pancreatic duct ligation and 10 of the 13 were 
studied for as long as 83 weeks following ligation. It 
subsequently became apparent that four of the dogs had 
had their ducts only partially occluded and had de- 
veloped a milder form of exocrine insufficiency. 

Fasting serum insulin levels were determined every 2 
weeks during the pre- and post-ligation periods. Three- 
hour glucose tolerance tests were done once or twice 
a month before and following pancreatic duct ligation. 
The glucose tolerance tests were performed by admin- 
istering, orally, a 15% glucose solution (50 Gm. in 335 ml. 
water). A control blood sample was taken in the fasting 
animal immediately before administration of glucose and 
at 30 minutes, 1,2, and 3 hours following glucose. 
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In five of the ligated animals simultaneous serum 
insulin as well as serum glucose levels were determined 
during 20 gluosé tolerance tests following a previous 
fasting period of 24 hours. A total of six experiments, 
combining insulin measurements ‘during a glucose tol- 
erance test were done on animals in the inadequately 
ligated group, and 13 combined studies were performed 
on the adequately ligated animals. Simultaneous insulin 
and glucose levels, following an oral glucose tolerance 
test, could not be measured in the animals in Groups 
II and Il during the pre-ligation period. Therefore, in 
order to obtain normal serum insulin and. glucose levels 
in response to an oral glucose tolerance ‘test, 15 such 
tests were performed in an additional four non-ligated 
dogs, which were not part of the original study. 

Serum insulin levels were determined according to 
' the method of Hales and Randall.’ Serum glucose de- 
terminations were made using the Nelson- -Somogyi 
method. 

The animals of the study have been subdivided into 
three groups as follows, The first group (Group I) are 
those from which only pre-ligation or control data has 
been obtained. Group II consisted of four dogs that 
had not been adequately ligated as reflected by main- 
tenance of normal body weight, slight to moderate 
elevation of fecal fat excretion and normal pancreatic 
histology at the time of autopsy. 

The six animals in Group III were determined to be 
effectively ligated as reflected by a severe and con- 
tinuous decrease-in body weight, large increments in 
fecal weight, as well as increased fecal fat excretion and 
severely atrophied, fibrotic pancreatic acini. 

The animals that were not part of the original ay 
but were utilized to obtain control data on simultaneous 
serum insulin and glucose levels following an oral glu- 
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cose tolerance test, will be referred to as Group I-A, in 
order to distinguish them from the animals in Group I, 
which was part of the original study. 


Results 


The mean fasting serum insulin levels in the 13 ani- 
mals studied before ligation ranged from 21 to 86 x 
units/ml. ‘with an overall mean value of 52 p units/ml. 
(SE + 5.9). There was an increase in the fasting serum 
insulin levels in two of the inadequately ligated animals 
(Group II) in the first 6 weeks following ligation, while 
two of the animals showed a slight decrease. The serum 
insulin levels decreased in these animals to somewhat 
below control levels in the sixth to twelfth week following 
ligation and remained at these reduced levels in one of 
the two dogs that survived beyond the 12-week period. 
One animal (No. 1) showed a transient elevation in 
serum insulin levels in the 18-28 period after ligation, 
then returned to below control levels and remained at 
these decreased levels for the remainder of the 83-week 
survival. 

Three of the six animals in the adequately ligated 
group (Group III) showed increases in fasting serum 
insulin levels.in the first 6-week period following liga- 
tion. The levels began to decrease in the 6-12 week 
period after duct ligation and by the end of the twelfth 
week were decreased well below control levels. The 
fasting levels remained significantly lower than the con- 
trol values for the remainder of the study. One dog (No. 
11) showed a decrease in serum insulin beginning im- 
mediately after pancreatic duct ligation and continued 
to show low levels thereafter. The fasting serum insulin 
levels during the pre: and post- ligation periods can be 
seen in Table 1. 

The mean fasting serum glucose during the pre-lige- 





TABLE 1. Fasting Serum Insulin Levels (u units/ml). Pre-and Post-Ligation (Mean + S.E.) 
Pre-Ligation Post-Ligation (Weeks). 
Animal 
Group Number 0-6 6-12 12-18 18-28 24-28 28-end 
5 21+ 7 
I 6 38 + 8 
7 43 + 10 i 
4 5i + il 107 4i 58 140 33 23 
H 13 86 + 10 66 41 38 30 38 
15 86 + 13 107 46 
17 - 46+ 10 33 
3 37 + 11 129 43 
ITI ' 4 36 + 1 122 64 51 25 5 
8 26 + 13 198 66 28 25 is 30 
11 74 + 12 30 38 30 18 25 18 
14 76+ 10 25 
16 53 + 10 25 
Pre-Ligation 
Mean = S.E. 52 + 5.9 


For All Animals 
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tion period for all the animals ranged from 55 to 77 
mg./100 ml. with an overall mean of (63 mg./100 ml. 
SE = 1.9). There was little change in the fasting blood 
sugar levels during the entire post-ligation period in 
either the adequately or inadequately ligated animals. 

The mean peak glucose levels folowing oral admin- 
istration of glucose during the pre-ligation period for 
each animal ranged from 89 to 180% (mean 136 mg./ 
100 ml. SE =+ 7.4), While there was some variation in 
peak serum glucose response following oral glucose be- 
tween dogs, there was: very little variation in the re- 
sponse in any given animal with repeated glucose tol- 
erance studies. 

In those animals where ligation was incomplete (Group 
II), there was very little change in the peak serum glu- 
cose levels after oral glucose administration for a period 
of 18 to 28 weeks following ligation. However, the two 
animals which survived past the 28-week period showed 
greatly increased peak serum glucose levels following 
the oral glucose tolerance tests. 

Three of the adequately ligated animals (Group III) 
showed greatly increased peak serum glucose levels 
following oral glucose in ‘the first 6 weeks following duct 
ligation. These post-glucose levels remained elevated in 
these animals for the duration of the experimental period. 
Two of the remaining animals of this group also showed 
an increase in peak serum glucose levels during the oral 
glucose tolerance test, but the increases were not mani- 
fested in these animals until the 18 to 28-week period 
following ligaticn. These elevations were sustained, there- 
after, for the remainder of the post-ligation period. One 
animal in this group (No. 16) did not show any change 
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in the peak serum glucose levels following oral glucose; 
however, this animal died 12 weeks post-ligation. Table 
2 contains the individual animal data for fasting and 
peak glucose levels during the pre- and _post-ligation 
periods. 

The results indicate that the animals that developed 
acinar atrophy developed a definite increase in serum 
glucose levels following oral glucose administration and 
a subnormal response in serum insulin levels. 

The results of the simultaneous serum insulin and glu- 
cose levels following an oral glucose tolerance test indi- 
cate that there is a definite increase in serum glucose 
levels following an oral glucose load in the inadequately 
ligated group of animals (Grotip II) as compared to the 
non-ligated animals (Group I-A). The adequately ligated 
animals exhibited an even greater increase in serum glu- 
cose levels following the oral glucose test. In this latter 
group of animals the fasting serum glucose was also 
elevated somewhat as compared to the non- ligated and 
inadequately ligated animals. 

The fasting serum insulin levels were somewhat in- 
creased in. the inadequately ligated animals as compared 
to the non-ligated’ animals, whereas the fasting serum 
irisulin levels in the adequately ligated animals, while 
showing a slight increase over the non-ligated group, 
were not as elevated as those in the inadequately ligated 
group. 

The serum insulin levels following oral glucose in the 
inadequately ligated animals were similar to those in 
the non- ‘ligated animals. However, there was a signifi- 
cant decrease in the serum insulin levels following oral 
glucose in the effectively ligated animals. The serum 








TABLE 2. Serum Glucose Levels (mg./100 ml.) Pre- and Post-Ligation in Fasting Animals and Peak Level Following Oral Glucose Tolerance Test 
(Mean + SE) 
Pre-Ligation Post-Ligation (Weeks) 
0-6 6-12 12-18 18-28 28-48 48-end 
Animal — - $$ — — 
Group Number F P F F F P F P F P F P F P 
E 5 59 + 6 106 + 9 
6 64 +7 89 + 2 
7. 7344 180 + 3 
1 s7 +5 134 + 17 71 143 58 141 50 150 83 186 69 215 
II 13 S744 1444 2 50 150 53 203 47 246 54 261 
15 61 + 3 975 60 105 55 90 58 100 67 130 
17 61+ 4 113 + 2 66 91 58 112 59 172 
3 57 + 6 148 + 16 102 305 75 460 
IHI 4 72 + 15 130 + 21 84 220 115 325 59 280 62 330 80 530 68 367 
8 60 + 5 163 + 23 50 145 58 185 63 239 67 313 84 300 
11 557 168 + 23 63 170 60 150 114 224 53 333 75 298 
14 67 + 4 147 + 13 40 250 
16 71 + 10 144 + 8 55 90 48 157 
Pre-Ligation 
Mean + SE 6341.9 136+ 7.4 ` 
For AIl Animals 
F = Fasting 


P = Peak Post-glucose 
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insulin levels in this group (Group IIT) following the 
oral glucose test remained very near the fasting values, 
indicating very little release of pancreatic insulin in 
response to glucose. 

The individual serum insulin and glucose values de- 
termined simultaneously in the fasting state and follow- 
ing an oral glucose load in the non-ligated (Group I-A), 
non-effectively ligated (Group II) “and. effectively li- 
gated (Group III) animals can be seen in Table 3. 

Table 4 is a summary of the mean fasting and peak 
post-glucose values for serum glucose and insulin fol- 
lowing oral glucose tolerance in the three groups of ani- 
mals, i.e., non-ligated, ineftectively ligated, and effectively 
ligated animals. 


TABLE 3. 
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Discussion 


These studies indicate that changes in fasting serum 
insulin, occurring after duct ligation, may be biphasic. 
Five of the 10 animals were found to have elevated in- 
sulin levels during the first 6 weeks. This was the period 
when serum amylase and lipase levels were elevated, re- 
flecting damage to the acinar system. Pi-Sunyer, Byrne 
and Freinkel? demonstrated that, following the induc- 
tion of experimental pancreatitis in'the dog, an immedi- 
ate release of insulin by the pancreas occurred. The cur- 
rent study raises the question of whether such a release 
continues for several weeks. 

These animals in both the adequately and inade- 
quately ligated groups eventually showed decreased fast- 


Serum Insulin (p units/ml.) and Serum Glucose <mg./100 ml.) for the Fasting Animal and Three Hours Following Oral Glucose 


Administration in Non-Ligated Animals (Group I), Inadequately Ligated Animals (Group IT) and Adequately Ligated Animals (Group IIT) 





Glucose (mg./100 ml.) 


Weeks 
Animal Post 30 Í 
Group Number Ligation Fasting Min Hr 
A 62 172 86 
I-A A 61 41 77 
(Controls) A 31 61 79 
A 45 105 125 
B 53 81 89 
B 38 102 107 
B 57 68 75 
B 72 94 96 
C 68 90 98 
C 52 62 160 
C 11 120 93 
D 46 72 129 
D 33 92 96 
D 60 130 110 
D 57 69 77 
Mean + SE 50 91 100 
+4.0 +8.2 —5,9 
15 6 60 105 105 
II 15 8 55 55 75 
13 13 50 70 130 
13 36 40 195 142 
13 54 60 220 290 
13 56 55 200 260 
Mean + SE 57 149 166 
+43.4 +24 +28 
4 45 80 350 530 
4 62 89 300 390 
IJI 8 50 50 125 170 
8 52 85 190 200 
8 62 85 260 300 
8 65 115 270 380 
8 67 110 125 325 
11 16 60 95 105 
11 43 50 95 200 
11 48 30 250 290 
11 57 70 220 270 
IHI 11 61 80 200 270 
? 11 63 65 175 270 
Mean + SE 75 204 271 
+6.4 +21 +22 


Insulin (u units/ml.) 


2 3 30 1 2 3 
Hr Hr Fasting Min Hr Hr Hr 
68 71 10 31 20 17 11 
46 53 19 es. 65 12 15 
66 51 11 59 50 17 12 
105 105 15 64 33 31 17 
81 80 > 9 15 23 16 18 
65 66 15 44 44 14 9 
46 46 10 47 37 11 11 
83 73 11 21 28 17 8 
106 98 14 29 43 40 23 
69 88 8 14 92 9 13 
82 43 14 25 94 54 21 
150 93 14 51 55 47 15 
62 30 tl 66 86 13 11 
155 118 15 47 61 52 61 
86 62 10 21 20 22 11 
85 12 12 37 50 25 17 
+8.1 +6.4 +0.7 +4.5 +6.3 +3.9 +3.2 
100 60 13 64 69 48 10 
90 60 18 33 31 28 8 
150 55 13 33 20 10 10 
50 55 30 46 43 25 15 
105 90 20 31 38 66 38 
120 70 50 76 86 69 71 
106 66 24 45 47 41 26 
+11 44.5 44.6 +462 48.0 47.5 +8.0 
320 100 15 15 5 23 5 
300 145 ` 15 15 5 23 5 
175 145 3 5 5 5 3 
185 90 8 10 10 15 20 
200 110 13 23 25 22 28 
240 110 13 23 28 43 25 
290 105 43 25 13 41 31 
85 65 10 5 8 8 5 
280 175 53 56 56 28 31 
95 23 33 25 25 
185 65 15 23 23 38 10 
165 95 18 23 23 28 18 
160 125 23 At 31 46 33 
206 111 19 22 22 26 19 
+20 +9.0 +3.9 +3.9 +4.4 £3.6 +3.0 
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TABLE 4. Mean Values (+ S.E.) for Fasting and Peak Post-Glucose Values for Serum Glucose and Insulin in the Non-Ligated (Group I), 
Inadequately Ls sgated (Group IT) and Adequately ligated (Group III) Animals 


Glucose (mg./100 ml.) 


Group Fasting | Peak Post Glucose 
I 50 + 4.0 113 + 8.1 
II 57 + 3.4 182 + 30.4 
Ii 75 + 6.4 291 + 28.0 


ing serum insulin levels, as indicated by the data in 
Table 1, although the time post-ligation at which the 
decreases occurred was variable. Almost invariably the 
duct ligated animals were found to have reduced fast- 
ing serum insulin levels by the end of the 12-18 week 
period. 

The ultimate decrease in serum insulin levels in all 
dogs following pancreatic duct ligation indicates that 
there is some alteration in islet cell function in the pres- 
ence of atrophic pancreatic acinar tissue. Three possible 
suggestions as to.why reduced circulating insulin levels 
are observed following pancreatic duct ligation may be 
considered. The first of these possibilities i is that atrophy 
of islet cell tissue as well as acinar tissue occurs after 
prolonged pancreatic duct ligation, although the mani- 
festations of atrophy of the islet- cells may appear later 
than those of pancreatic exocrine function. This is not 
borne out by the histologic studies of patients with 
chronic pancreatitis and secondary diabetes but is com- 
patible. with the findings in this study. A second possi- 
bility is that the extensive fibrotic infiltration and 
replacement of acinar tissue seen following extended pe- 
riods of duct ligation reduces the circulation through the 
islet cell tissue and thereby results in a reduced release 
of insulin into the circulation. This is compatible with 
both the clinical and the current experimental findings. 
A final suggestion is related to the possibility that there 
is a decreased or altered synthesis of insulin or an in- 
creased rate of insulin destruction after prolonged pe- 
riods of exocrine insufficiency. We know of no data to 
support this concept. 

As can be seen from the data in Table 3, the decrease 
in the peak serum insulin is accompanied by exceedingly 
high blood glucose levels following oral glucose admin- 
istration in the duct ligated animals. These phenomena 
occur at a time when both the fasting blood insulin and 
glucose levels remain near ‘normal levels. These peak 
post-glucose levels in the ligated animals are signifi- 
cantly increased over the peak glucose levels seen in 
normal animals after oral glucose administration. The 
glucose levels also remained elevated for a much longer 
period of time, but eventually returned to fasting levels. 

These findings of normal fasting serum insulin levels 
but reduced insulin response following an oral glucose 
tolerance test during the intermediate stage after liga- 


Insulin (u units/ml.) 


Fasting Peak Post-Glucose 
12057 54 + 5.9 
24 + 4.6 56 + 8.1 

30 + 4.2 


19 + 3.9 


tion support the findings of Peters et al.” who reported 
that in patients with chronic pancreatitis the mean fast- 
ing serum insulin concentration was normal, while the 
insulin levels failed to rise in response to an oral glucose 
load. Further clinical studies by Marks and coworkers® 
reported abnormal glucose tolerance tests in 70% of the 
patients with chronic pancreatitis. 

The results of these studies in animals are in com- 
plete agreement with the recent studies by Rogers 
et al© who reported normal fasting glucose levels 
but extremely elevated peak glucose blood levels fol- 
lowing am oral glucose load in patients with chronic 
pancreatitis associated with diabetes. These investiga- 
tions also reported lower than normal fasting serum 
insulin levels in these same patients with a subnormal 
response of serum insulin following glucose. . 

In the animals that died 6 or more months following 
duct ligation there was no observable pancreatic tissue 
seen at autopsy. Tissue removed from the site of the 
ligated pancreas sometimes showed minimal or no rec- 
ognizable islet cell tissue when observed histologically. 

Mack, Egdahl and associates,®.in a study of dogs, 
ligated the ducts to only a part of the pancreas, allowing 
the distal segment to fibrose. Following secondary resec- 
tion of the normal portion of the pancreas, they found 
the fibrotic portions capable of maintaining a normal 
fasting serumi insulin level. Histologically they were able 
to demonstrate functioning islet tissue up to the end of 
their study which was limited to 12 months after ligation. 
= Our results differ slightly in that we note-a gradual 
decrease in fasting insulin levels, beginning toward the 
end of the first 12 to 28 weeks post-ligation. Our most 
striking evidence of diabetes, post-ligation, was noted in 
the latter phase of the study, sometimes after 12 months, 
and was most pronounced when comparing the insulin 
response to oral glucose administration before and after 
ligation. Neither their animals nor ours required exo- 
genous insulin to maintain a normal fasting blood glu- 
cose level. In the current studies, although islet cells 
sometimes became histologically indistinguishable in the 
late stage of the post-ligation period, the remaining 
fibrotic mass of “pancreatic” tissue apparently continues 
to produce and release insulin, although in subnormal 
amounts, as indicated by the maintenance of normal 
fasting blood glucose levels. 
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The sum of these factors seems to indicate that there 
is atrophy of the islet cells tissue, as well as the acinar 
tissue, after prolonged pancreatic duct ligation; how- 
ever, the islet cell atrophy seems to occur at a much later 
time than does acinar atrophy. This islet cell destruc- 
tion may or may not be a secondary effect due to the 
mechanical encroachment of fibrotic tissue into the islets, 
reducing the blood supply in these areas, and thereby 
reducing the function and ultimately altering the mor- 
phology of these cells. 

The observations made in these experiments suggest 
_ that the animals that developed “chronic pancreatitis” 
or pancreatic acinar atrophy following prolonged pan- 
creatic duct ligation also developed pancreatic diabetes 
as manifested by the high peak serum glucose response 
and reduced serum insulin levels following a glucose 
load. The present study concurs with the findings of 
Rogers et al.!° who concluded that the diabetes resulting 
from chronic pancreatitis is probably caused by a di- 
minished or altered insulin secretion by the islet cells. 


Summary 


Following prolonged ligation of the pancreatic ducts 
in the dog, atrophy of the acini is progressive and some- 
times complete. These changes may be initially associ- 
ated with a rise in fasting serum insulin levels, followed 
thereafter by a gradual reduction in the fasting level of 
serum insulin. At the same time a subnormal response 
in serum insulin levels, following oral glucose, occurs 
and is associated with a diabetic type glucose tolerance 
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curve. Histologically, the islets of Langerhans may ulti- 
mately disappear or become unrecognizable although 
immunoassayable insulin does not completely disappear 
from the serum. 
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Death by Undiagnosed Perforated Peptic Ulcer: 


Analysis of 31 Cases 


W. ROBERT FELIX, JR, M.D.* LeROY H. STAHLGREN, M.D.** 


Doon of a peptic ulcer may not be recognized 
in hospitalized patients more often than is appreci- 
ated. Kozoll? reported 78 instances of ulcer perforation 
which were ‘not recognized before autopsy among a 
total of 1,904 patients (4.1%). Krippaehne and Dunphy? 
reviewed the cases of 26 patients in whom a diagnosis 
of perforated peptic ulcer had not been made prior to 
autopsy (18% of 147 cases). Rogers’ reviewed 1,000 in- 
stances of perforated ulcer. The proper diagnosis was 
not established before death in a “few cases.” We have 
reviewed 126 patients with perforated peptic ulcer; 31 
of these were not identified prior to autopsy (25%). 


Clinical Material 


Philadelphia General Hospital is a City—County Hos- 
pital providing care for a large indigent population. The 
records of all patients with perforation of a benign peptic 
ulcer of the stomach or duodenum were reviewed during 
a recent 6-year period. A total of 126 patients comprise 
the series. The overall mortality rate was 42%; the op- 
erative mortality rate was 25%. 

Included in the review were 31 patients in whom 
the diagnoses were not established before autopsy. An 
analysis of their case histories represents the basis of 
this report. The overall experience will be reported in 
a separate paper. 
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From The Department of Surgery, Philadelphia 
General Hospital and The Medical College of 
Pennsylvania, Philadelphia, Pennsylvania 


Our objective is to identify important features which 
aid in the diagnosis of obscure peptic ulcer perforation, 
not to criticize the management of the cases reviewed. 
The authors were involved in the care of only one of the 
patients (Patient #20); the unfavorable outcome of 
this patient led to the retrospective review reported here. 


Age 


The patients ranged in age from 40 to 94 years, with 
an average age of 65 years (Table 1). 


Associated Diseases (Table 1) 


Neuropsychiatric disease was the most common as- 
sociated problem found in 13 of the 31 patients. Cardio- 
pulmonary disease was noted in five patients. Serious 
associated diseases, severe enough to account for the 
clinical picture were identified in 16 of the 31 patients. 
Most patients were chronically ill. The median time in 
the hospital was 9 days (range 2 hours to 15% years). 
Nine patients had been hospitalized more than 1 month 
prior to perforation. 


Sex and Race (Table 2) 


There were 23 males of whom 13 were white and 10 
non-white. There were eight females, three of whom were 
white and five non-white. Non-white patients comprised 
48% of the study group and approximately 80% of the 
overall patient population. 


Previous History £ 


Ulcer symptoms or a history of ulcer disease were 
noted in only five of the 31 patients; one of the five pa- 
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TABLE 1. Location of Ulcer and Associated Diseases Ranked by Age and Location of Perforation 
No. of 
Age Range Pts. Duodenum Stomach Both Multiple Cardiac Psych. Neuro. Pulmonary Other 
40-50 4 1 2 1 2 2 1 2 
51-60 6 3 3 1 Í 3 1 3 
61-70 11 9 2 a 1 3 5 
71-80 7 3 4 2 1 1 3 
81-100 3 2 1 2 2 { 1 i 
Total 31 18 12 1 10 3 4 9 2 14 
One-third of the patients were in their seventh decade of life. 
tients suffered upper gastrointestinal hemorrhage which Laboratory Data 


was treated at another hospital immediately prior to 
this admission and another patient suffered perforation 
of an excluded duodenal ulcer 4 days post-gastrectomy 
_ and gastrojejunostomy for bleeding duodenal ulcer. 


Signs and Symptoms (Table 3) 


Shock was the dominant finding in 20 patients; the on- 
set of shock was sudden in 11 patients, and gradual in 
nine patients. In nine of the 20 patients; shock was the 
only clinical finding. 

Hematemesis was noted in nine patients. Abdominal 
pain was reported in only six patients, appearing suddenly 
in two and gradually in four patients. Two patients “died 
quietly in their sleep.” 

An abdominal examination was recorded in 22 of the 
3l patients. In nine of these 22 patients, there were no 
positive findings. A variety of findings were described in 
the remaining 13 patients. Abdominal tenderness was 
noted in eight. Tenderness was generalized in four pa- 
` tients, located on the right side in three patients and in 
the left lower quadrant in one. 

Abdominal distention was described in six patients. 
Distention was associated with diminished or absent 
peristalsis in five patients and with hyperactive peristalsis 
in one. 


Time Factors 


The time interval from assumed onset of perforation 
to death ranged from 3 hours to 90 hours with an average 
of 38 hours. The interval exceeded 24 hours in nine pa- 
tients; was less than 24 hours in 10 patients and could not 
be determined in 12 patients. 


X-Ray Findings 
Abdominal X-rays were carried out in six of the 31 
patients; free air was identified in two of these patients. 





TABLE 2. Sex and Race Distribution 
Male 23 Female 8 
White 13 White 3 
Non-white 10 Non-White 5 


Serum amylase levels were normal in each of the four 
patients in whom determinations were made. Hemo- 
globin and hematocrit values were normal in each of 
10 patients. Leukocytosis was noted after 24 hours in 
five of seven patients and within 24 hours in only one of 
four patients. 


Clinical Diagnosis (Table 4) 


The presumptive diagnoses presented to account for 
the patients’ sudden death are listed in Table 4. Duodenal 
ulcer was suspected in only seven patients, each of whom 
vomited blood. In four of the seven patients, the bleeding 
ulcer was identified at sa and was the same ulcer 


which had perforated. 


TABLE 3. Initial Sign or Symptom Noted ai Onset of Demise* 


Sign or Symptom Number of Patients 


Sudden shock 9 
Vomiting blood or presence of tarry stools 

progressing to shock 11 
Sudden abdominal pain 2 
Gradual abdominal pain 4 
No symptoms 5 


* Some patients had more than one sign or symptom but only the 
one which was first and/or prominent is recorded here. 


TABLE 4. Presumptive Diagnosis in 31 Cases of Undtagnosed 
Perforated Ulcer 


Presumptive 
Diagnosis Correct 
(Also Present) 


4 


Presumptive Diagnosis No. of Patients 


Bleeding Ulcer 

CVA l 
Mesenteric Thrombosis 
Ascites due to Ca. 
Pneumonia 

“Acute Abdomen” 
Subdiaphragmatic Abscess 
Myocardial Infarct 
Pulmonary Embolus 
Uremia 

Intestinal Obstruction 
Malnutrition 

No Diagnosis 
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Patient 
No. 


1 


10 


it 


12 


13 


14 


15 


16 


Age 
Race 
Sex 


50 
N 
M 


56 
N 
M 
73 
N 

M 
66 
M 
94 
W 
F 

60 
W 
M 
62 
N 
F 

80 
W 
M 
46 
N 

M 


64 
N 
F 

12 
N 
M 
76 
W 
M 
60 
W 
M 
69 
N 
M 
65 
N 
M 


71 
W 
M 


Hx. 
of 
Ulcer 


yes 


no 


yes 


2 yr. 


no 


no 


no 


no 


no 


no 


no 


yes 


no 


no 


no 


yes 


yes 


Interval 
Onset to 
Death 
(hrs. ) 


24 


19 


24 


48 


21 


24 


24 


48 


24 


12 


24 


TABLE 5. 
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Symptoms and 
Physical Exam 


Sudden Shock 


Sudden Shock 


2 week hx pain 
Shock 18 hr. after 
UGI 

Shock one day 
Post-op revision 
Cecostomy 
Sudden Shock 
Vomited blood 
Pain, BUN 240 
Resp. distress 
Shock; cyanosis 
Abd.—Soft 
Sudden shock 


Shock after transfer 
from another Hospital 
Abd.—neg. 

Tender abd. with 
bowel sounds progress- 
ing to rigid abd. 
without’ bowel sounds 
Pain day before; 

abd. tympanic; 

no bowel sounds 
Tarry BM, abd. 
distended, tender 
guarding; high pitched 
bowel sounds 
Vomiting blood; 
Chest effusion; 

2 days post-op Hip 
pinning 

Vomited blood & died 
in shock; Jaundiced; 

7 mo. p.o. by-pass for 
Ca. of pancreas 
Respiratory distress; 
Abd.—neg. 


6 wk. hx. pain & tarry 
stools; Bled twice in 
past. Rx.—antacids 
Abd.—neg. 

Had 17 days bleeding 
at mental hosp. 


BP 
Pulse 
Temp. 


100 
50/0 
100 
99° 


100/50 


99° 


90/60 


108 
101° 
50/0 
110 
101° 


100/50 
120 


102° 
140/70 
100 
100° 


60/30 


Hgb. . 
WBC X-ray 
Amylase Findings 

Gastric 
Ulcer 
3 days prior 
to demise 
Gastric ulcer 
lesser curve 
13.0 Gm. 
21000/cu mm 
14.0 Gm. 
11000/cu mm 
16.1 Gm. 
7500/cu mm 
15.2 Gm. Negative 
2400/cu mm (supine & 
204 U decubitus) 
12.2 Gm. 


3000/cu mm Ileus 


12.1 Gm. 


15.0 Gm. 
8200/cu mm 


4.5 Gm. 
10000/cu mm 
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Summary of 31 Cases of Undiaguosed Perforated Peptic Ulcer 


Working 
Diagnosis 


None 


CVA 


Pneumonia 


Bleeding 
Ulcer 


None 


None 


Myocardial Infarct; 
Subarachnoid 
Hemorrhage 

CHF; Ascites; 
Ovarian Ca. 


Anemia; 
Malnutrition; Decubiti 


Shock of 
Undetermined 
Etiology 


Abdominal Vascular 
Accident 


Mesenteric 
Thrombosis 


Pneumonia; CHF 


Terminal carcinoma of 
pancreas 


Basilar artery 
Thrombosis 
Bleeding ulcer 


(Surgery) 


Shock; gastric 
ulcer, bleeding 


Site of 
Perforated 
Uleer 


Multiple 
Stomach 


Antrum 


Antrum 


Duodenum 


Duodenum 


Duodenum 


Duodenum 


Duodenum 


Duodenum 


Antrum 


Duodenum 


Fundus 


Duodenum 


Duodenum 


Duodenum 


Antrum ° 
Duodenum 
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First Sign of 
Demise 


Shock 


Shock 
Shock 
Shock 
Shock Vomited 
blood 
Shock 
Shock 


Shock 


Shock 


Shock 


G. I. Bleed 


Vomiting blood; 
Shock - 


Vomiting blood 


Vomiting brown 
material 


Massive 


hemorrhage 


Hémorrhage & 
shock 


PERFORATED PEPTIC ULCER 


Associated Diseases 


3 mo. p.o. thrombectomy & 
resection, small bowel 


CVA Pneumonia 


Ca., pancreas with metastases 
(Autopsy Dx.) 


+ 


Inactive TBC; Organic 
brain syndrome 


Pulmonary edema; Chronic 
renal disease 

Skull fracture 

Uterine sarcoma with metastases 


Malnutrition 


Suicide attempt, cut wrists; 
? Drug ingestion 


Tabes Dorsalis 


Pneumonia 


Fracture hip; Duodenal ulcer; 
Multiple gastric ulcers 


Ca. pancreas with metastases 


Basilar artery thrombosis; 
Ca. prostate 


None 


Esophageal Ulceration 


TABLE 5— Continued 


Cause of Death 
(Autopsy) 


Peritonitis 


Peritonitis 


Peritonitis 


Peritonitis 


Peritonitis 


Peritonitis 


Peritonitis 


Bleeding and perforated ulcer 


Peritonitis 


Peritonitis; 3 antral ulcers 
1 perforated 


Peritonitis; bilateral pneumonia 


Pulmonary embolus; Gastric ulcer 


perforated into Rt chest 


Pulmonary embolus, hemorrhage & - 


perforation in same ulcer 


Perforated ulcer with hemorrhage 


Hemorrhage; Pulmonary embolus 


Peritonitis 
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Comments 


Patient had bouts of partial obstruction. 
Gastric ulcer had been treated. 


Also had lung abscess and 4 duodenal ulcers 


Probably perforated as result of prolonged 
fast for X-ray study 


Was subjected to 2 large bowel operations 
in the 3 days prior to perforation 


Pain in abdomen for short period 3-days 
prior to sudden demise 


Tracheostomy done because of dyspnea. 
Lived 2 days with only Neosynephrine 
treatment for shock 


This was a patient sent from another hospital 
in extremis with no history. 


Probably perforated soon after admission 
for psychiatric problems. 


Patient in hospital 10 years. Shock treated 
only with vasopressors. History of ‘‘Tabetic 
Crisis.” 

Symptom complex pointed to vascular 
occlusion and patient was treated vigorously 
with blood, electrolytes and plasma. 


A multitude of complications beset this 
unfortunate man. 


The perforation was a terminal event ina 
very ill patient. 


Vascular disease was acute (3 days PTA), 
but respiratory distress was due to perforated . 
ulcer 

Emergency gastrectomy performed, but 
patient bled and perforated into gall bladder 


Hemorrhage from esophagus with two 
perforated ulcers 


Patient 
- No. 


17 
18 


19 


20 


21 


22 


23 


24 
25 


26 


27 
28 
29 
30 


31 


Age 
Race 
Sex 


66 
W 
M 
56 
W 
F 

63 
N 
M 


65 
N 
M 


S2S S25 


mA a 


aaraa 


MHSIZLEASESREAR 


Hx. 
of 
Ulcer 


no 


no 


no 


no 


no 


no 


no 


yes 


no 


no 


no 


no 


no 


no 


no 


Interval 
Onset to 


Death 
(hrs.) 


47 


41 


54 


50 


48 


72 
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Symptoms and 
Physical Exam 


10 days p.o. 
Cystotomvy for 
retention 

Suddenly vomited 
“coffee ground” ` 
material; Abd.—rigid 
Vomited blood; l 
Tense abd. with 
ascites and jaundice; 
Alcoholic hx. ` 

Abd. swelling; 
Vomited blood 

Tense abd. with 

? ascites: icterus 
Alcoholic hx. 
Sudden abd. pain 
shock, coma, 

Blood in N-G Tube 


Sharp pain; Biack 
fluid in gastrostomy; 
Jaundice 


Sudden LLQ pain 
& rigidity & rebound; 
paracentesis 


“ascitic fluid” 
Tender in RUQ, no 


rebound; bowel sounds 


normal 

Abd. pain, con- 
stipation, distended 
abd; no bowel sounds 
RLO pain progressed 
to shock 


Died quietly in sleep 


Abdomen— 
negative” 


Developed Uremia 
during work-up for 
Ca. in liver bx. 
Expired quietly 
after developing high 


fever on 72nd hosp. day 


Dyspnea, SOB; 
Mass in LUQ, dis- 
tended, soft, tender, 
tympanic abdomen 


BP 
Pulse 
Temp. 


40/0 
114 
102° 
110/70 
80 

97° 
70/0 


120 
97° 
70/50 
120 


102° 


60/40 
142 
97° 


110/60 
100 
98° 


150/80 
92 

99° 
0/0 
132 
96° 
80/50 
80 


150/90 
78 
104° 


102° 
100/80 
144 


98° 


TABLE 5—Continted 


Hgb. 

WBC X-ray 
Amylase Findings 
8.8 Gm. 


11,000 /cu mm 
12.2 Gm. UGI-—-gastric 
26,300/cu mm retention 


Chest Atelectasis 
BUN 136 

12. 1 Gm. UGI—unsat. 
26,300/cu mm 

20 Gm. 

14.9 Gm. Free air on 


6000/cu mm decubitus film 


10.4 Gm. 
15,400/cu ram 


“Small bowel 


obstruction” 
12.1 Gm. 
UGI—Gastric 
Ulcer 
11.5 Gm. ? Air in LUQ 
24,800/cu mm 
78 U 
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Working 
Diagnosis 


Pulmonary embolus; 
Septic shock 


UGI Bleeding 
UGI Bleeding 
with ascites; 


Esophageal varices 


Esophageal varices; 
Cirrhosis — 


Mesenteric 
Thrombosis 


Post. op insertion of 
T-tube; Ca ampulla 
of vater 


Perforated viscus 


Subdiaphragmatic 
abscess 


Ileus of undeter- 
mined etiology 


Mesenteric artery 
thrombosis 


CVA 

CVA 
Metastatic Ca. 
in liver; Uremia 


CVA 


CHF; Steroid 
Intoxication; Ileus 


Site of 
Perforated 
Ulcer 


Duodenum 


Duodenum 
(chronic) 


Duodenum 


Duodenum 


Stomach 


Stomach 


Duodenum 
(large) 


Pylorus 
Duodenum 


Pylorus 


Duodenum 
Stomach & 
duodenum 
Stomach 


Duodenum 


Pylorus 
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First Sign of 
Demise 


Shock & vomiting 
blood 


Vomiting bleod 


Vomiting blcod 
and shock 


Vomited blood 
and shock 


Abdominal pain 
and shock 


Abdominal pain 
and shock 


Sudden abd. pain 


Abdominal pain 
Abdominal pain 
and shock 


Abdominal pain 
and shock 


No symptoms 
No symptoms 
No symptoms 
No Sonnets 


Dyspnea 


Associated Diseases 


Perinephric abscess; Multiple 
pulmonary emboli 


Multiple sclerosis; 
Schizophrenia 


Pyelonephritis 


Esophageal varices 


Esophageal varices not bleeding 


1 mo. P.O. colon transplant for 
lye stricture; Psychotic; 
Subphrenic abscess 
Carcinoma of Ampulla of 


Vater 


CHF; Multiple small ulcers 


None 
Bronchopneumonia; Old 
myocardial infarction 


CHF; Thrombosis in aneurysm 
of femoral artery 


Cerebral infarct; Pneumonia 
Infarct, right temporal lobe 
Cholangiocarcinoma with 


metastases 


CVA; Pneumonia; 
Malnutrition; Dehydration 


Old myocardial infarct 


PERFORATED PEPTIC ULCER 


Cause of Death 
(Autopsy) 


Peritonitis with perforation and 
hemorrhage 


Peritonitis 


Cardiac arrest after esophagoscopy 


Perforated ulcer with hemorrhage 


Perforated ulcer with hemorrhage 


Sepsis 


Peritonitis 


Cardiac arrest after aspiration 
of milk 

Peritonitis 

Peritcnitis; Hemopericardium 
Peritcnitis; Massive pulmonary 
infarct 

Peritcnitis 

Peritonitis 


Pulmenary embolus; peritonitis 


Peritonitis 
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Comments 


Another man beset by multiple complications - 


Wasin PGH for 15 years. Had sudden episode 
of bleeding and died in 47 hours after vigorous 
therapy with blood and electrolytes _ 

Ulcer hemorrhage was probably the cause of 
death 


As with Patient #19, this man had varices, 
but died from a perforated hemorrhaging 
duodenal ulcer. 


Subphrenic abscess drained 5 days prior to 
demise. Staff elected not to operate for — 
“mesenteric emboli” because of poor condi- 
tion of patient. 

Was to have a Whipple resection in 2 stages, 
but jaundice re-appeared, T-tube fell out, 
developed pain, increased gastric secretion, 
diarrhea, shock and death. 

Diagnosis missed at operation 36 hours after 
perforation. Patient died 12 hours after 
operation. | 


Had G. I. bleeding on 4th day: Died on 10th 
day; autopsy——perforation into liver with 
abscess and empyema of right chest. 
Arrived in recetving ward in shock and died 
four hours later 


On Medical Ward for CHF. Had femoral 
artery aneurysm thrombosis 3 days earlier; 
may have died from cardiac tamponade 
secondary to puncture of coronary artery 
during pericardiocentesis for effusion. 


Large ulcer of fundus perforated. Duodenal 
ulcer also perforated posteriorly; 8 small 
ulcers, also. 


Had 2 duodenal ulcers—one was perforated. 
Also had chronic subdural hematoma. 


Was receiving steriod therapy for rheumatoid 
arthritis. Surgeons attributed ileus to 
pneumonia. 
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The presumptive diagnosis was established .coinci- 
dentally in 16 of the 31 patients, but was not the cause of 


death. Four patients were incorrectly diagnosed as suf- 
fering from mesenteric thrombosis. 
Autopsy Findings 

The ulcer was located in the duodenum in 18 patients 
and in the stomach in 12 patients (Table 1). One patient 
had perforated ulcers in both stomach and duodenum. 
Multiple ulcers were found in 10 patients (32%); six of 
these patients (20%) had ulcers in both stomach and 
duodenum. There were three patients (10%) with multi- 
ple perforations. 

A bleeding ulcer was identified in 10 patients (32%). 
The perforated ulcer was the site of bleeding in nine of 
the 10 patients. 

Table 5 summarizes the 31 patients’ histories, pertinent 
clinical data and autopsy findings. 


Discussion 


The high incidence of unsuspected perforation of 
peptic ulcer in this report may be due to the inclusion 
of many elderly and neuropsychiatric patients whose 
care was largely custodial. It is striking, however, to 
note the lack of impressive abdominal signs and symp- 
toms in many of the patients. The diagnosis of perforated 
peptic ulcer was not considered in the majority, as evi- 
denced by the fact that only six of the patients were 
studied by abdominal X-rays before death. The classical 
clinical picture including sudden onset of severe ab- 
dominal pain was noted in only two instances. Con- 
versely, unexplained shock occurring in more than 
one-half of the patients was the most common clinical 
finding. Burdette and Rasmussen! reported similar ex- 
perience, i.e., the usual signs of acute abdomen were 
not noted in any of the seven autopsy diagnoses. 

It is noted that 21 of these patients were in the hos- 
pital tindergoing treatment for an unrelated problem, 
and were recovering from operation, or receiving 
custodial care on the Neuropsychiatry Service. The 
interval from perforation to death was adequate for 
aggressive study which should have led to the correct 
= diagnosis in the majority. 

A point of interest to us was the fate of patients who 
suffered ulcer perforation while hospitalized during the 
period of this review. In addition to 21 undiagnosed in- 
hospital perforations, there were seven perforations 
correctly diagnosed. The mortality rate in these 28 pa- 
tients was 89% (25 patients). 

In Krippaehne’s* series of 36 patients who suffered 
perforation while in the hospital, 19 patients died with- 
out operation and six succumbed after laparotomy. The 
total mortality of in-hospital perforations was 88%. 
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Reimers® reports 19 in-hospital perforations with a mot- 
tality of 582. 

The presence of multiple ulcers was- a striking feature 
occurring in 10 of our 31 patients. Multiple ulcers 
were present in only four of the 95 diagnosed patients 
during this same interval. Krippaehne et al reported 
a “high percentage” of patients with associated major 
bleeding and multiple ulcers suggesting “severe stress” 
as a dominant factor in their group of 26 unrecognized 
perforated ulcers: Maynard‘ reports multiple ulcers in 
23 of 64 resected specimens. In his series, 11 patients 
had “kissing” ulcers. 

Coincident bleeding and perforation is reported in 
10% to 27% of perforations with a mortality rate as high 
as 60%.1:5.7.89 Maynard! reported three patients who 
bled from associated superficial ulcers and two patients 
who hemorrhaged from the perforated ulcer. 

Most authors associate high mortality rates with bleed- 
ing and perforation. In the 31. patients reviewed here, 
nine patients suffered hemorrhage and perforation from 
the same ulcer. Only one patient had hemorrhaged from 
a different ulcer. 

The frequent occurrence of multiple ulcers, (10 pa- 
tients) and association of hemorrhage and perforation 
(10 patients) suggests an aggressive ulcer diathesis or 
a greatly reduced protective mechanism. 

One finding which often appeated in our patients 
was distention or tympany or “tense abdomen.” This 
finding which is indicative of intra-abdominal. air or 
dilated viscus was recorded six times in the 13 patients 
who had abnormal findings. | 

Absence of liver dullness has also been a. reliable 
sign of free intra-abdominal air in our experience. It 
is suggested that these two findings should alert the 
examiner to the possibility of perforated viscus no matter 
what other conditions may seem to dominate the picture. 
An upright or decubitus chest or abdominal X-ray is 
probably the best single diagnostic tool in these cases 
and should be carried out whenever the above two find- 
ings (tympany and absence of liver See are 
present. — 

With increasing numbers of old, sionally. ill pa- 
tients undergoing long-terni custodial care in nursing 
homes, the problem of unrecognized ulcer perforation 
may become serious unless a high index of suspicion is 
maintained. 


Conclusions 


1. Thirty-one incidents of undiagnosed perforated 
peptic ulcer (representing 25% of a series of 126 patients 
with non-malignant gastroduodenal perforation) have 
been analyzed in detail. Diagnosis was not established 
before autopsy in all cases. 

2. The typical patient was a white man in the seventh 
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AMAGA Or ltte who had a | eu ie was not a 


alcoholic and had no history of ulcer disease or ulcer 
symptoms. 

3. Shock was the most common presenting sign; gastro- 
intestinal bleeding was the most common incorrect diag- 
nosis. 

4, Abdominal pain and abdominal physical findings 
were often absent. 7 

5. There was a high incidence of associated unrelated 
diseases. 

6. There was a high incidence of multiple ulcers (32%) 
and of hemorrhage from the perforated ulcer (29%). 

7. Perforation occurring during hospitalization was 
associated with a mortality rate of 89% in 28 patients. 

8. The data suggest that a correct diagnosis could have 
been made more often if the clinical significance of the 
` sudden appearance of shock, gastrointestinal hemorrhage, 
or abdominal distention in an elderly patient had been 
recognized. 


Summary 


In a series of 126 patients with perforated peptic 
ulcers identified by a search of hospital records, 31 pa- 
tients (25%) died without a diagnosis of the lesion. 
Detailed study of these 31 patients form the basis of 
this report. The patients were predominately non-alco- 
holic, elderly, white males, with duodenal ulcers and 
no previous history of ulcer disease or symptoms. All 
patients had serious associated diease and 50% suffered 
from neuropsychiatric-disease. Shock and gastrointestinal 
bleeding predominated as the presenting signs. The 
- usual findings of peritonitis were absent, but tenderness 
or abdominal distention was noted in 14 of 22 patients 
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examined prior to death. Ten patients had bleeding 
ulcers; nine of these bled from the same ulcer which 
perforated. Multiple ulcers were found in ten patients 
(32%) and multiple perforations occurred in three pa- 
tients. Of 28 in-hospital perforations during the period 
of review, 21 appeared in this undiagnosed group; there 
was an in-hospital mortality rate of 89%. A correct 
diagnosis could have been made if the clinical signifi- 
cance of the sudden appearance of shock, gastrointes- 
tinal hemorrhage, or abdominal distention in an elderly 
patient had been appreciated. 
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Base Deficit in Superior Mesenteric Artery Occlusion, 


T IS WELL KNOWN that the clinical presentation of 
I superior mesenteric artery occlusion simulates many 
acute abdominal catastrophes. The persistently high mor- 
tality rate in this disease may in part be due to the 
difficulty in differentiating superior mesenteric artery 
occlusion from other acute abdominal conditions. Analy- 
sis of the history, physical examination, laboratory data, 
and X-rays of patients with intestinal infarction often 
yields a differentia] diagnosis which includes such condi- 
tions as acute pancreatitis, perforated duodenal ulcer, 
acute intestinal obstruction, acute diverticulitis, and 
retroperitoneal hematoma. The decision for or the timing 
of operation in each of these conditions varies and re- 
quires accurate early diagnosis in order that a successful 
result can be obtained. This is especially true in superior 
mesenteric artery occlusion where prevention of intestinal 
infarction depends on early revascularization. 

Recent experience at the University of Pittsburgh 
Health Center Hospitals indicates that arterial blood gas 
and base deficit determinations are a reliable method of 
diagnosing superior mesenteric artery occlusion. Previous 
studies of Milliken, Nahor and Fine,? Kobold and Thal, 
and of Robertson, Lyall and Macrae,’ have emphasized 
the role of metabolic acidosis, vasoactive peptides, and 
endotoxin in the production of hypotension and shock in 
patients with superior mesenteric artery occlusion. These 
studies have emphasized the hypotension and acidosis 
which occurs after release of the superior mesenteric 
artery occlusion. However, no previous study has docu- 
mented the presence of metabolic acidosis and a large 
base deficit prior to clinical shock and before operative 
intervention. The clinical and laboratory data in this 
study confirm the development of a significant base 
deficit in superior mesenteric artery occlusion. This base 
deficit was not present in other acute abdominal condi- 
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tions before the development of clinical shock or hypo- 
tension. 


Method 


This report describes seven patients with proven acute 
superior mesenteric artery occlusion who have been 
compared with 21 patients who had other acute ab- 
dominal conditions. Blood pressure, pulse, hematocrit, 
white blood cell count, pH, Poz, Pco2,, Heco, and base 
deficit were recorded at the time the acute illness was 
initially seen by a physician. The base deficit was calcu- 
lated using the Siggard-Anderson nomogram.® The diag- 
nosis was confirmed either at operation or autopsy in 
all cases. 

The laboratory investigation was designed to answer 
two questions. (1) Does a significant base deficit occur 
during intestinal infarction? (2) Is the development of 
a significant base deficit specific for intestinal infarc- 
tion? In order to answer these questions, adult mongrel 
dogs were divided into three study groups: Group I, 
intestinal infarction; Group II, perforated duodenum; 
Group II, acute pancreatitis. Five dogs were studied 
in each group. 

The variables measured in each animal were arterial 
blood pressure, venous pressure, pulse, respiratory rate, 
pH, Pos, Pco,, Hcos~, base deficit and venous blood 
lactate. 

Prior to operation, fasted mongrel dogs weighing be- 
tween 15 and 20 kg. were intubated and anesthetized 
with 30 mg. of Na pentobarbital/Kg. of dog weight. 
Femoral cut-downs provided a source for arterial and 
venous blood samples and pressure recording. Operative 
procedures were performed through mid-line laparoto- 
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mies. On the day following preparation of the experi- 
mental model, the dogs were studied without anesthesia 
or sedation to avoid the acidosis of anesthesia. 

Intestinal infarction was created in five dogs by placing 
a polyvinyl catheter in a segmental branch of the superior 
mesenteric artery which supplied the jejunum. The 
catheter was then brought through the abdominal wall. 
On the day of the study 0.25 to 0.3 cc. of Isobutyl-2- 
cyanoacrylate was injected. The injection of the poly- 
mer created a uniform infarction of the small intestine 
which was confirmed at autopsy of the animals. After 
injection the animals were observed for 10 hours with 
measurements as described above at hourly intervals. 

In Group II (five dogs), a 1.0 cm. diameter section 
of duodenum was excised just distal to the pylorus. A 
monofilament purse string suture was used to occlude 
the perforation. The purse string suture was brought 
through the abdominal wall and held closed with a 
polyethylene choker. On the day of the study the choker 
was released and a free perforation occurred. The size 
and presence of the perforation was confirmed by au- 
topsy. 

Acute pancreatitis was created in five dogs by infusing 
20cc. of a solution containing bile salts and Trypsin (12 
Gm. of sodium Taurocholate, 20,000 units of Trypsin in 
buffered Saline adjusted to pH 8.0) through a catheter 
placed in the major pancreatic duct. The lesser pan- 
creatic duct was ligated. 


Results 


The seven patients with acute superior mesenteric 
artery occlusion and concomitant intestinal infarction 
were found to have a mean blood pressure of 112/60 mm. 
Hg and a pulse of 100. None were thought to be in 
shock. Six of the seven patients had leucocytosis, with 
a range of 5,300 to 19,400. All had non-specific X-ray 
findings consisting of small intestinal distension. All had 
a significant base deficit. The mean pH was 7.27 and 
the mean base deficit was —15 (Table 1). The diagnosis 
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was confirmed at operation in all seven patients. All seven 
patients died in the postoperative period. 

Twenty-one other patients with various acute ab- 
dominal conditions have been studied during the past 
year (Table 2). As is evident from the table these pa- 
tients had a wide range of clinical conditions. The mean 
blood pressure in these 21 patients was 114/76. The 
mean pH was 7.46 with a base deficit of —0.3. There 
is a statistically significant difference in base deficit in 
the patients with intestinal infarction when compared 
with the patients who had other acute abdominal condi- 
tions (p = 0.001). However there is no difference in 
blood pressure in the two groups (Table 3). Only one 
of the 21 patients in Group II had a base deficit greater 
than —6. 

The experimental studies in dogs confirm the clinical 
observation that a significant base deficit occurs with 


- intestinal infarction secondary to superior mesenteric 


artery occlusion. In Group I dogs, i.e., intestinal infarc- 
tion (Fig. 1), progressive acidosis with increasing base 
deficit occurred during the study. Within 6 hours of 
occlusion the mean base deficit was —14 with a range 
of —9 to —19. During this period there was no significant 
change in blood pressure (the mean blood pressure after 
6 hours was 123 mm. Hg.) The initial blood lactate level 
was 15.5 mg./100 ml. and increased in all animals to a 
mean of 28.5 mg./100 ml. after 6 hours. of arterial oc- 
clusion. 

There was no significant change in blood pressure, base 
deficit or blood lactate in the animals with duodenal 
perforation during the 6-hour study. These data are 
shown in Figure 2. Figure 3 shows that induction of 
acute pancreatitis in the animals caused a profound fall 
in blood pressure which occurred within 15 minutes of 
the beginning of the infusion. Associated with the blood 
pressure fall was a profound base deficit (—19) and 
increase in blood lactate (44.8 mg./100 ml.) after 45 


minutes. 


Discussion 


Derangements in acid-base balance are frequently 
present in acutely ill patients. This derangement is often 


TABLE 1. Group I—Acute Superior Mesenteric Artery Occlusion 


Patient Age Clinical Diagnosis BP P 

1 56 Diverticulitis 160/80 110 

2 66 Chronic Obstructive 100/50 90 
Lung Disease . ; 

3 56 Mitral Stenosis 120/60 90 
and Empyema 

4 65 Pancreatitis 100/70 100 

. 5 55 Carcinoma of the 90/50 120 

Ascending Colon 

6 59 Meningioma 100/70 80 

7 47 Fibrosarcoma 120/80 120 


HCT. WBC pH Po, Peo, HCO; BD 
42 10,900 7.40 72 18 10.5 — 12 
36 17,600 7.06 177 30 8 — 18 
48 15,900 7.31 420 12.0 7 -19 
48 19,400 1.24 102 21 11 —14 
48 11,500 7.18 110 $1 11 ~— 16 
38 5,300 7.33 78 22 11 —13 
44 20 , 600 7.30 67 24 11.3 — 13 
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TABLE 2, Group II— Various Acute Abdominal Conditions 
Patient Age Clinical Diagnosis BP P HCT. ‘WBC pH Po, Poo, HCO; BD 
1 67 Perforated Duodenal 130/80 100 40 10,200 7.55 66 30 26 +4 
Ulcer 
2 63 Appendiceal Abscess 120/80 100 48 15,200 7353 58 39 32 -+10 
3 75 Acute Pancreatitis 170/110 120 46 11,500 7.38 65 22 12.5 — ÍI 
4 44 Peritonitis Following 120/70 110 40 19 ,600 7.40 340 32 19 —4 
Sigmoid Resection 
5 81 Perforated Duodenal 100/50 120 38 16,000 7.47 55 35 | 25 +3 
Ulcer 
6 61 Acute Pancreatitis 120/75 100 43 10,700 7.42 62 37 23 0 
7 28 Acute Pancreatitis 100/60 120 42 25 ,000 7.45 75 23 16 —6 
8 75 Ruptured Aortic 100/70 110 38 11,000 7.44 97 33 22 —{ 
Aneurysm 
9 83 Cholecystitis 110/80 84 38 12 ,500 7.45 75 23 16 —6 
10 32 - Acute Pancreatitis 100/70 110 36 5,400 7.41 92 34 21 —2 
11 53 Post Arteriogram 230/130 100 45 8,100 7.45 63 28 19 —4 
Acute Abdomen 
12 57 Perforated Duodenal 110/70 120 46 12,500 7.45 80 25 16.5 —4 
Ulcer 
13 44 Pelvic Abscess 110/60 60 34.2 11,800 7.49 106 35 26 +3 
14 68 Acute Cholecystitis 100/70 100 40 9,500 7.46 58 34 24 +3 
15 65 Acute Cholangitis 130/90 120 50 20 ,000 7.51 83 24 19 —2 
16 77 Gallstone Ileus 110/70 80 44 12,900 7.59 108 33 32 +10 
17 63 Sigmoid Colon 100/70 110 4i 11,000 7.46 69 26 18.5 —4 
Anastomotic Leak 
18 55 Coumadin Induced 110/70 110 31 17,500 7.53 60 28 23 +2 
Intramural Hematoma 
of the Bowel 
19 42 Post Operative Acute 110/60 160 38 12 ,000 7.49 156 35 26 +3 
Pancreatitis 
20 56 Ruptured Aortic 120/90 108 32 7,700 7.37 44, 54 25 0 
Aneurysm 
21 55 Intestinal Obstruction 120/80 90 43 6,800 7.49 65 30 24 +1 
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related to inadequate cellular perfusion or respiratory 
insufficiency which may not be immediately apparent. 
Thus, measurement of arterial pH with calculation of 
base excess or deficit becomes an important component 
in the study of acutely ill patients. Often an abnormal- 
ity in acid-base balance is a harbinger of future trouble, 
or in itself may be of danger to the patient. An acute 
base deficit usually indicates that a period of tissue hy- 
poxia with anaerobic metabolism has occurred. Com- 
monly this is the result of hypovolemia, septic shock, or 
arterial hypoxemia. Treatment of the basic pathologic 
condition is the most important aspect of the manage- 
ment of patients with such base deficits. 

The observations in this study demonstrate conclu- 
sively that an acute base deficit occurs in superior mes- 
enteric artery occlusion. The base deficit is profound, a 
mean of —15 with a mean pH of 7.27 in the seven pa- 


TABLE 3. Mean Blood Pressure, pH, and Base Deficit in Mesenteric 
Occlusion and Other Acute Abdominal Conditions 


Mean Blood Mean Mean Base 
Pressure pH Deficit 
Mesenteric Occlusion 114/76 deal —15 
Acute Abdcmen 112/60 7.46 —0.3 


tients studied. The base deficit is not associated with 
hypotension, and occurs about 8-16 hours after the on- 
set of symptoms. The acid-base abnormality in superior 
mesenteric artery occlusion is frequently present before 
the physical findings, laboratory data, and X-ray results 
provide an accurate diagnosis. As is typical in this patho- 
logic entity patients complained of generalized severe 
abdominal pain with almost no physical findings. The 
diagnosis was finally made at operation many hours 
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Fic. 1. Mean base deficit and blood pressure change in five dogs 
after superior mesenteric artery occlusion, 
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later, often after an episode of shock and progressive 
deterioration of the clinical condition. If these patients 
had been operated upon sooner survival might have 
been possible. In patient 7 the diagnosis was made using 
the profound base deficit as an indicator of intestinal 
infarction. Nevertheless, a massive intestinal resection 
was necessary. The patient died 3 weeks later of hepatic 
and renal failure with progression of the fibrosarcoma. 
Since the underlying clinical condition is progressive, 
the base deficit which occurs in superior mesenteric 
artery occlusion responds poorly to various therapeutic 
maneuvers. After an initial mild improvement of pH. or 
base deficit from intravenous fluid therapy or NaHCO;- 
administration there is a progressive fall in pH and an 
increase in base deficit. Subsequently hypotension and 
clinical shock occur followed by death within 24-36 
hours of the onset of symptoms. The poor response to 
therapy in the absence of hypotension provides additional 
evidence for intestinal infarction. | 
The animal experiments confirm the clinical cbserva- 
tion and show that there-is a gradually increasing base 
deficit from the onset of the arterial occlusion. Yet, there 
is no early change in blood pressure. After 6 hours the 
base deficit is significantly increased to a mean of —14 
while the blood pressure remains unchanged. The as- 
sociated increase in blood lactate seen in the animal ex- 
periments implies an area of increasing anaerobic me- 
tabolism presumably in the small intestine and sec- 
ondary to the arterial occlusion. After 6 hours the blood 
pressure begins to fall and the acidosis worsens mark- 


edly. The animal dies between 12-16 hours after in- 


farction if no therapy is instituted. 


An analysis of the acid-base and blood pressure ae. 
obtained in the 21 patients with acute abdominal con- 


ditions other than superior mesenteric artery occlusion 
yield a different pattern. In these patients if there was 
no hypotension there was no significant acidosis or base 
deficit. This is true in patients with acute pancreatitis, 
perforated duodenal ulcer, perforated diverticulitis, and 
in peritonitis secondary to anastomotic leaks. Acidosis 
does occur with hypotension and shock especially in 
patients who have gram negative sepsis or hypovolemia. 
Of interest is the observation that only one of the 21 
patients had a base deficit of greater than —6. Blood 
‘pressure, pulse and white blood cell count were not 
significantly different between the two groups. 

The discriminative value of the base deficit determina- 
tion in evaluating a patient with an acute abdomen of 
. unknown etiology is exemplified by summarizing two 
cases. Patient 18 in Group II, was a 55-year-old man 
who had an aortic valve replacement 2 years prior to 
the present illness, he had atrial fibrillation and was 
taking 5 mg. of Coumadin daily. He developed acute 
abdominal pain and distension. Arterial blood pressure 
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Fic. 2. Mean base deficit and blood pressure change in five dogs 
after perforated duodenum. 


was 120/60 mm. Hg and the pulse was 100 and irregu- 
lar. There was a silent exquisitely tender distended 
abdomen. X-ray showed the colon to be dilated to the 
mid-transverse region with distended small bowel. The 
white blood count was 17,500. The prothrombin time 
was 50 seconds. The differential diagnosis included a 
superior mesenteric artery embolus, and intramural he- 
matoma secondary to coumadin toxicity. The pH was 
7.53 and the base deficit +2. No operation was per- 
formed and a barium enema X-ray confirmed the diag- 
nosis of an intramural hematoma of the bowel. The pa- 
tient recovered uneventfully and laparotomy was 
avoided. | 
Patient 7 in Group I was a 47-year-old lady with a 
retroperitoneal sarcoma who developed abdominal pain 


‘and distension following a celiac and superior mesenteric 


arteriogram. The blood pressure was 120/80 mm. Hg 
and the pulse was 110. The abdomen was distended and 
tense with no bowel sounds. The white blood count was 
20,600. X-ray showed dilated small bowel. The pH was 
7.30 and the base deficit was —13, 10 hours after the 
symptoms appeared. She was operated upon and was 
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Fic. 3. Mean base deficit and blood pressure change in four 
dogs during acute pancreatitis. 
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found to have infarction of the small intestine from the 
ligament of Treitz to the mid-transverse colon. Massive 
resection was carried out, but the patient died 2 weeks 
after operation of hepatic and renal failure. 

In these two cases the history and physical findings 
were similar and X-ray and laboratory data was the 
same with the exception of blood gases and base de- 
fects. The arterial pH and base deficit determination 
provided discriminative data which led to the decision 
for or against operation. | 
. The etiology of the base deficit in superior. mesenteric 
artery occlusion has not been determiined. Since the first 
mesenteric embolectomy was reported by Stewart? in 
1960, surgeons have emphasized the profound acidosis 
and hypotension which occurs after release of the arterial 
occlusion. Milliken, Nahor and Fine,’ as well as Kobold 
and Thal? have shown quite conclusively that endotoxin 
and vasodilating peptides are. present within intestinal 
content. They suggested a relationship between these 
substances and the acidosis and hypotension which fol- 
low relief of mesenteric occlusion. It is possible that 
prior to release of obstruction, the large’ base deficit 
occurs as a result of the arterial ischemia and anaerobic 
metabolism in the dying intestine. l 

Ahonen et al., produced profound metabolic acidosis 
during a 4-hour period of mesenteric artery occlusion 
with maintenance of systemic blood pressure, In this 
study rapid intestinal tissue destruction was well dem- 
onstrated, with few systemic effects. Interestingly these 
authors found that oxygenation provided some protec- 
tion for the intestine. Also, analysis of lymph drainage 
showed a high concenration of acid metabolites. In other 
animal experiments by Milliken? and Robertson," the ani- 
mals were often acidotic prior to arterial occlusion or 
were anesthetized so that comparison with the findings 
in this study and that of Ahonen are not possible. Most 
investigators have studied: the occlusion release phe- 
nomenon and the occlusion periods usually have been 
less than 5 hours. Further studies of portal vein blood 
and thoracic duct lymph may help clarify the etiology of 
the changes noted. The time interval between occlusion 
and development of base deficit needs to be more care- 
fully defined. 

While surgical reconstitution of mesenteric blood flow 
is possible in many instances, the mortality in this con- 
dition remains high. Undoubtedly the reason for this is 
the clinician’s inability to recognize the disease early in 
its course. Infarction with irreversible gangrene has been 
reported as early as 6 hours after the onset of symptoms 
but usually occurs within 12-16 hours of the symptoms.* 
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Operation must be performed as early as possible and 
prior to the development of gangrene. Significant base 
deficit is present in dogs with superior mesenteric artery 
occlusion within 3 hours and is significant after 6 hours. 
In the patients herein reported, a base deficit was pres- 
ent within 12 hours of the onset of symptoms. Now that 
profound base deficit has been associated with acute 
superior mesenteric artery occlusion it may be possible 
to decrease the time interval between onset of symptoms  . 
and recognition of the disease. The results of this study 
show clearly the importance of an arterial blood gas de- 
termination in evaluating patients with acute abdominal 
conditions. oe 

Early recognition of superior mesenteric artery oc- 
clusion may now be possible by recognizing the triad ` 
of sudden severe abdominal pain, an unusual absence of 
abdominal signs, and the presence of an unexplained 
severe base deficit in the absence of clinical shock. 


Summary 


Significant base deficit has been observed in patients 
with acute superior mesenteric artery occlusion and in- 
testinal infarction without hypotension. This observa- 
tion has been confirmed by animal studies. Patients who 
had acuate abdominal conditions other than superior 
mesenteric artery occlusion did not develop large base 
deficits in the absence of clinical shock. 
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The Burdick Compact 
Coronary Care Center 


— a sensible and economical answer to the 
hospital’s need for coronary care facilities 


The Burdick Compact 
Coronary Care Center answers 
the three demands of sound 
operational economy — 
Mobility, Versatility and Full 
Utilization—without equipment 
Overpurchase. Specialized 
personnel and modern 
electronic monitoring 
equipment must be on constant 
24-hour standby. Burdick’s 
flexible approach will give 

you maximum versatility of 
equipment between 
departments. Start with the 
basic console ECG, adding 
equipment tailored to your 
need to extend your coronary 
care skills to a number of 
critical areas—one-bed ICU, 
mobile emergency room, 
stress-exercise monitoring, 
monitoring in Surgery and 
Recovery. Build to the 
complete mobile coronary care 
center for best utilization of 
both staff and equipment. 

For full information talk with 
your Burdick dealer, or write 
The Burdick Corporation, 
Milton, Wisconsin 53563. 
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Simplified 
dosage guidelines 


Usual adult dosage- -I.M. and IV.--in patients with 
normal renal function 


132 Ibs. or less 


1.5 cc. (60 mg.) 
every 8 hours 


Over 132 Ibs. 


2 cc. (80 mg.) 
every 8 hours 








| WARNING 





Serious Infections: The recommended 
dosage of GARAMYCIN Injectable in 
patients with normal renal function is 


3 mg./kg./day administered in three equal 


doses every 8 hours. 
Life-Threatening Infections: Dosages of 


up to 5 mg./kg./day may be administered 


in three or four equal doses. This dosage 
should be reduced to 3 mg./kg./day as 
soon as Clinically indicated. 


Children’s Dosage—I.M. and I.V. 
3 to 5 mg./kg./day in three equal doses 
every 8 hours. 


*Due to susceptible organisms 


Patients treated with GARAMYCIN Inject- 
able should be under close clinical obser- 
vation because of the potential toxicity 
associated with the use of this drug. 
Ototoxicity, both vestibular and auditory, 
can occur in patients, primarily those with 
pre-existing renal damage, treated with 
GARAMYCIN Injectable, usually for longer 


į periods or with higher doses than recom- 


mended. 














GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in 
mind when it is used in patients with pre- 
existing renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy of 
patients with known impairment of renal 
function. This testing is also recommended 


in patients with normal renal function at on- - 


set of therapy who develop evidence of 
nitrogen retention (increasing BUN, NPN, 








creatinine or oliguria). Evidence of Stotox 
icity requires dosage adjustments or dis 
continuance of the drug. : 

in event of overdose or toxic reactions 
peritoneal dialysis or hemodialysis will aii 
in removal of gentamicin from the blooc 

Serum concentrations should be monito! 
ed when feasible and prolonged concentra 
tions above 12 mcg./ml. should be avoidec 

Concurrent use of other neurotoxic and 
or nephrotoxic drugs, particularly streptc 








c Sering 
gentamicin yon 


sulfate 


40 mg. per cc. 


Each cc. contains gentamicin sulfate 
equivalent to 40 mg. gentamicin 





Duration of 
therapy-I.M. and IV. 


The usual duration of treatment is 7 to 10 days. In 
difficult and complicated infections, a longer course 
of therapy may be necessary. 


Instructions for IV. use 


Dilution—A single dose is diluted in 100 or 200 cc. of 
sterile normal saline or in a sterile solution of dextrose 
5% in water; in infants and children, the volume of 
diluent should be less. The concentration of gentamicin 
in solution should not exceed 1 mg./cc. (0.1%). 


Infusion time—The solution is infused over a period of 
1 to 2 hours. 


Premixing—GARAMYCIN Injectable should not be 
physically premixed with other drugs but should be 
administered separately in accordance with the 
recommended route of administration and dosage 
schedule. 


In adults with 
impaired renal function 


The single dose of GARAMYCIN Injectable given by 
patient weight remains the same; however, the interval 
between doses must be extended. 


This interval may be approximated by multiplying the 
serum creatinine by eight as follows: 





Serum creatinine X 8 = frequency of administration 
(mg./100 ml.) (in hours) 


This dosage schedule is not intended as a rigid 
recommendation, but is provided as a guide to dosage 
when the measurement of gentamicin serum levels is 
not feasible. 


m i, ,heomycin, kanamycin, cephaloridine, 
viomycin, polymyxin B, and polymyxin E- 
(colistin), should be avoided. 

_ The concurrent use of gentamicin with po- 
tentdiuretics should beavoided, sincecertain 
diuretics by themselves may cause ototoxic- _ 
ity. In addition, when administered intrave- 
ously, diuretics may cause arise in gentami- _ 
cin serum level and potentiate neurotoxicity. 
USAGE IN PREGNANCY Safety for use _ 
n pregnancy has not been established. 





See Clinical Considerations section which follows... 
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Garamycin® Injectable 

brand of gentamicin sulfate U.S.P., injection, 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
For Parenteral Administration 


WARNING: Patients treated with GARAMYCIN Injectable should be 
under close clinical observation because of the potential toxicity 
associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur in patients, 
primarily those with pre-existing renal damage, treated with GARA- 
MYCIN Injectable, usually for longer periods or with higher doses 
than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this should 
be kept in mind when it is used in patients with pre-existing renal 
impairment. 

Monitoring of renal and eighth nerve function is recommended 
during therapy of patients with known impairment of renal function. 
This testing is also recommended in patients with normal renal func- 
tion at onset of therapy who develop evidence of nitrogen retention 
(increasing BUN, NPN, creatinine or oliguria). Evidence of ototoxicity 
requires dosage adjustments or discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible and 
prolonged concentrations above 12 mcg./ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic drugs, par- 
ticularly streptomycin, neomycin, kanamycin, cephaloridine, vio- 
mycin, polymyxin B, and polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin with potent diuretics should be 
avoided, since certain diuretics by themselves may cause toxicity. 
In addition, when administered intravenously, diuretics may cause 
a rise in gentamicin serum level and potentiate neurotoxicity. 
reese + naia Safety for use in pregnancy has not been 
established. 


INDICATIONS GARAMYCIN Injectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: 

Pseudomonas aeruginosa, Proteus species (indole-positive and indole- 
negative), Escherichia coli and Klebsiella-Enterobacter-Serratia species. 

Clinical studies have shown GARAMYCIN Injectable to be effective in 
septicemia and serious infections of the central nervous system (menin- 
gitis), urinary tract, respiratory tract, gastrointestinal tract, skin and 
soft tissue (including burns). 

Bacteriologic tests to determine the causative organisms and their sus- 
ceptibility to gentamicin should be performed. 

Bacterial resistance to gentamicin develops slowly in stepwise fashion; 
there have been no one-step mutations to high resistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN may be 
considered as initial therapy. The decision to continue therapy with this 
drug should be based on the results of susceptibility tests, the severity of 
the infection, and the important additional concepts contained in the 
Warning Box. In the neonate with suspected sepsis or staphylococcal 
pneumonia, a penicillin type drug is usually indicated as concomitant 
antimicrobial therapy. 

GARAMYCIN Injectable has been shown to be effective in serious staph- 
ylococcal infections. It may be considered in those infections when peni- 
cillins or other less potentially toxic drugs are contraindicated and 
bacterial susceptibility testing and clinical judgment indicate its use. 


CONTRAINDICATIONS A history of hypersensitivity to gentamicin is a 
contraindication to its use. 


WARNINGS See Warning Box. 


PRECAUTIONS Neuromuscular blockade-and respiratory paralysis have 
been reported in the cat receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in man should be considered 
if gentamicin is administered to patients receiving neuromuscular block- 
ing agents such as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in overgrowth of nonsusceptible 
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organisms. If this occurs, appropriate therapy is indicated. 


ADVERSE REACTIONS 


Nephrotoxicity: Adverse renal effects, as demonstrated by rising BUN, 
NPN, serum creatinine and oliguria, have been reported. They occur more 
frequently in patients with a history of renal impairment treated with 
larger than recommended dosage. 


Neurotoxicity: Adverse effects on both vestibular and auditory branches 
of the eighth nerve have been reported in patients on high dosage and/or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring 
in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, and convulsions have also 
been reported. 


Note: The risk of toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable at higher doses or for 
longer periods of time than recommended. 

Other reported adverse reactions, possibly related to gentamicin, in- 
clude increased serum transaminase (SGOT, SGPT), increased serum bili- 
rubin, transient hepatomegaly, decreased serum calcium; splenomegaly, 
anemia, increased and decreased reticulocyte counts, granulocytopenia, 
thrombocytopenia, purpura; fever, rash, itching, urticaria, generalized 
burning, joint pain, laryngeal edema; nausea, vomiting, headache, increased 
salivation, lethargy and decreased appetite, weight loss, pulmonary fibro- 
sis, hypotension and hypertension. 


DOSAGE AND ADMINISTRATION GARAMYCIN Injectable may be given 
intramuscularly or intravenously. 
For Intramuscular Administration: 

PATIENTS WITH NORMAL RENAL FUNCTION* 


Adults: The recommended dosage for GARAMYCIN Injectable for pa- 
tients with serious infections and normal renal function is 3 mg./kg./day, 
administered in three equal doses every 8 hours. 

For patients weighing over 60 kg. (132 Ib.), the usual dosage is 80 mg. 
(2 cc.) three times daily. For patients weighing 60 kg. (132 Ib.) or less, 
the usual dose is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dosages up to 5 mg./kg./ 
day may be administered in three or four equal doses. This dosage should 
be reduced to 3 mg./kg./day as soon as clinically indicated. 

*In children and infants, the newborn, and patients with impaired renal 
function, dosage must be adjusted in accordance with instructions set 
forth in the Package Insert. 


For Intravenous Administration: 

The intravenous administration of GARAMYCIN Injectable is recom- 
mended in those circumstances when the intramuscular route is not feasi- 
ble (e.g., patients in shock, with hematologic disorders, with severe 
burns, or with reduced muscle mass). 

For intravenous administration, in adults, a single dose of GARAMYCIN 
Injectable may be diluted in 100 or 200 cc. of sterile normal saline or in 
a sterile solution of dextrose 5% in water; in infants and children, the 
volume of diluent should be less. The concentration of gentamicin in solu- 
tion, in both instances should normally not exceed 1 mg./cc. (0.1%). The 
solution is infused over a period of 1 to 2 hours. l 5 

The recommended dose for intravenous administration is identical to 
that recommended for intramuscular use. 

GARAMYCIN Injectable should not be physically pre-mixed with other 
drugs, but should be administered separately in accordance with the 
recommended route of administration and dosage schedule. 


HOW SUPPLIED GARAMYCIN Injectable, 40 mg. per cc., 2 cc. multiple- 

dose vials for parenteral administration. 
Also available, GARAMYCIN Pediatric Injectable, 10 mg. per cc., 2 cc. 
multiple-dose vials for parenteral administration. APRIL, 1972 
AHFS Category 8:12.28 


For more complete prescribing details, consult Package Insert or Physi- 
cians’ Desk Reference. Schering literature is also available from your 
Schering Representative or Professional Services Department, Schering 
Corporation, Kenilworth, New Jersey 07033. SLR-192 
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After surgery, when 
nutritional supplementation 
is indicated 


Berocca tabicts iS therapy 
? 


With balanced, high potency 
B-complex and C vitamins. 
No odor. 

Virtually no aftertaste. 


Lowest priced Rx formula. 


Please see Complete Prescribing Information, 
a summary of which follows: 


Each Berocca Tablet contains: 
Thiamine mononitrate 
Riboflavin 

Pyridoxine HCI 

Niacinamide 

Calcium pantothenate 
Cyanocobalamin 

Folic acid 

Ascorbic acid .. 


Indications: Nutritional supplementation in conditions 
in which water-soluble vitamins are required prophy- 
lactically or therapeutically. 

Warning: Not intended for treatment of pernicious 
anemia or other primary or secondary anemias. Neu- 
roiogic involvement may develop or progress, despite 
temporary remission of anemia, in patients with per- 
nicious anemia who receive more than 0.1 mg of folic 
acid per day and who are inadequately treated with 
vitamin Bız. 

Dosage: 1 or 2 tablets daily, as indicated by clinical 
need. 

Available: In bottles of 100. 


ROCHE LABORATORIES 
C ROCHE» Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


A subdural hematoma is revealed in this posterior radioisotope 


brain scan. The increased activity is noticeable over the left 
lateral vertex of the skull. During surgery, a large subdural 


hematoma was evacuated from the parietal area. 
Brain scan: Courtesy Harry S. Truman Laboratory, 


Kansas City, Missouri. 
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Fourth Edition! 


SURGERY 
Principles and Practice 


By Jonathan E. Rhoads, M.D., D.Sc. (Med), J. Garrott Allen, M.D., 
the late Henry N. Harkins, M.D., Ph.D., and Carl A. Moyer, M.D. 
With 36 Contributors 


Strengthened by complete updating, this 
revision emerges as the best of the four 
editions of this classic. You'll find eight 
new contributors, two brand new chap- 
ters and 106 new illustrations. 


The entirely new chapters reflect today’s 
achievements and directions in surgery: 
Tissue and Organ Transplantation and 
The Molecular Attack on Cancer. 


Chapters extensively revised include: 
Principles of Hand Surgery; Physiology 
cf the Pituitary and Adrenal Glands; 
Military Surgery; Tumors of the 
Colorectum. 


Anatomic, pathologic, physiologic, and 
kiochemical factors relevant to surgical 
practice are interwoven throughout, to 
foster accurate diagnosis and judicious 
aperative and postoperative care. 


1864 Pages e 758 Illustrations 


J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


This Fourth Edition continues to ad- 
vance its editors’ objectives: to explain, 
understandably and completely, the basic 
principles of surgery. 


FROM REVIEWS 
OF THIRD EDITION... 
“. . . the best textbook and general sum- 
mary of surgical practice that has been 
written.” 

—Surgery, Gynecology and Obstetrics 


“. . . Should be on the shelf of every 
aspirant for surgical approval... .” — 
—Group Practice 


“. . . should appear on the bookshelves of 
everyone interested in the overall subject of 
surgery.” —GP 


© 4th Edition, 1970 e $24.00 











SURGERY: Principles and Practice . 2... 0... ccc reece cece cece reece escent teveeveres $24.00 

Nam 

Addres 

Gt) __—_—_—_—____-__----__--_—. State Zip———_—— 
L] Payment Enclosed [C] Bill me AS 3/73 


Lippincott 





ee ee ee n 


Ean a ae see a OM ay a ee a a a a a ee a ay ee EE 






efights skin int 
due to sus 
ore 

erarely se 


~ POLYSPORIN OINTM 


a - . Each tains: J 
| polymyxin B-bacitracin) Polymyxin B Sulfate 10,000 unit 


500 units, in special wh 





For minor burns, cuts, infections. Topical antiba 
against a wide range of susceptible org 
chance of sensitization. Especially for 


possible sensitivity to other topic 









Available in l-an 


Contraindications: This product is con 
individuals who have shown hypersensitivity to a 


Caution: As with other antibiotic products 
result in overgrowth of nonsusceptible c 
fungi. Appropriate measures should be 
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serial Services Dept. PML. 






Burroughs Wellcome Co. 
ZA Research Triangle Park 
Wellcome / North Carolina 27709 
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WITH A PURCHASE APPROACH 
FOR NEW ECONOMY AND CONVENIENCE 


First, TRAVENOL made TRIFLEX gloves better. Now we’re making them a bet 
buy ... and making them easier for you to buy. 


Now, we can help you analyze the glove needs of each floor and department. 
To fit each glove supply to those needs, and eliminate costly experimentation 
and overlapping inventories. And one ordering source consolidates order 
processing and shipping costs. Saves your time, too! 


Your staff will appreciate consistency of supply. Knowing that on every floor o 
department they'll find a familiar glove with packaging and donning procedurę 
they're used to... it’s one of those details that helps keep patient care 
running smoothly. And they'll like all the TRIFLEX gloves. 


Recognition for the independent thumb 

Both surgeons and procedure gloves feature the contour molded 
thumb that means more freedom from strain and stress caused by 
restrictive 2-plane molded gloves. 


Your TRAVENOL representative is ready to work with you on a total TRIFLEX 
gloving program based on your actual requirement. Whenever you need help 
with cost analysis, re-evaluation of inventories or any other glove problem, he’ 
lend a hand. Call him soon, to start a glove affair with TRAVENOL. 


CAUTION: After donning, remove powder by wiping gloves thoroughly with sterile wet 
sponge, sterile wet towel, or other effective method. 


TRAVENOL LABORATORIES, INC. 


Deerfield, Illinois 60015 
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‘rrimethobenzamide HCl) 


When she cannot retain fluid and medication 
during the postoperative period 
Vomiting can become a serious problem, to be prevented if possible. 


It may interfere with postsurgical procedures, obviate oral medication, 
cause fluid and electrolyte loss and slow your patient’s recovery. 


Specific antinauseant /antiemetic action 


A single injection of Tigan® (trimethobenzamide HCI) I.M. may help 
to control emesis, often before it starts. Tigan is neither a phenothiazine 
nor a tranquilizer. It is designed for one purpose only—the control of 
nausea and vomiting. Even during an active episode. 


Prompt, gentle action 


Sometimes a single dose will serve to check the vomiting episode. More 
than 10 years of clinical experience attest to the safety and usefulness 
of antiemetic Tigan for your postoperative patient. 


Although occasional hypersensitivity reactions and Parkinson-like 
symptoms have been reported, side effects are generally uncommon and 
seldom require withdrawal of therapy. 


Available in three convenient forms 


Tigan’s three dosage forms, ampuls, capsules and suppositories, offer 
flexibility of administration to meet every clinical need. Usual adult 
dosage is: 

Tigan Injectable—2 ml (200 mg) ż.ż¿.d. or q.i.d. I.M. 

Tigan Capsules—one 250-mg capsule ¢.4.d. or q.t.d. 

Tigan Suppositories—one 200-mg suppository ¢.i.d. or g.i.d. 





NOTE: Injectable form for I.M. administration only. 
When vomiting is not in your 
postoperative patient’ best interests, 


Tigan (trimethobenzamide HCD may be. 
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Before prescribing, please consult 
complete product information, a 
summary of which follows: 


Indications: Control of nausea and 
vomiting. 

Contraindications: Hypersensitivity to 
trimethobenzamide; injectable in children; 
suppositories in premature or newborn 
infants and in patients with known 
sensitivity to benzocaine or similar local 
anesthetics. 


Warnings: Drowsiness may occur; patient 
should not drive or operate machinery 
until response is determined. Safety in 
pregnancy or in nursing mothers has not 
been established. 


Precautions: During acute febrile 
illness, encephalitides, gastroenteritis, 
dehydration and electrolyte imbalance, 
especially in children, the elderly or 
debilitated, CNS reactions have been 
reported with and without use of 
antiemetic agents. In such disorders 
exercise caution in administering Tigan 
(trimethobenzamide HCI), particularly 
together with other CNS-acting agents. 
Severe emesis should not be treated with 
an antiemetic drug alone; where possible 
establish cause of vomiting. Direct pri- 
mary emphasis toward restoration of 
body fluids and electrolyte balance and 
relief of fever and causative disease 
process. Avoid overhydration which may 
result in cerebral edema. Antiemetic effects 
may impede diagnosis of such conditions as 
appendicitis and obscure signs of toxicity 
from overdosage of other drugs. 


Adverse Reactions: Occasional reports of 
hypersensitivity reactions and Parkinson- 
like symptoms; rare occurrences of blood 
dyscrasias, blurring of vision, coma, 
convulsions, depression of mood, diarrhea, 
disorientation, dizziness, drowsiness, 


~ headache, jaundice, muscle cramps and 


opisthotonos have been reported. Allergic- 
type skin reactions have been reported; 
discontinue use at first sign of sensitization. 
Hypotension has been reported after 
parenteral use. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Traumatic wounds 
complicated by infectlon-an urgent concern 


“due to susceptible organisms 











Before Administration of Loridine 


1. Determine renal status before 
initiating therapy. 

2. In patients with renal impair- 
ment, reduced dosage should be em- 
ployed. Other antibiotic therapy 
should be considered if impairment is 
due to acute tubular necrosis. 


3. As with other antibiotics, appro- 
priate specimens for culture and sus- 
ceptibility testing should be obtained. 


4, Use cautiously with other poten- 
tially nephrotoxic antibiotics (e.g., 
gentamicin, kanamycin, colistin, and 
polymyxin B), in penicillin-allergic pa- 
tients, and in those receiving potent 
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Loridine I.M. Song ampoule 


therapy worthy of consideration 


Traumatic wound infections often require the 
rapid and effective action that Loridine I.M. can provide 
when they are due to susceptible organisms. 

Loridine is active in vitro against many pathogens that 
may cause skin and soft-tissue infections, including sus- 
ceptible strains of staphylococci, Escherichia coli, and 
streptococci, and is also effective in the presence of mixed 
infections. 

Peak blood levels of 7 to 14 mcg. per ml. respectively 
were obtained in one-half to one hour following intramus- 
cular administration of 250 and 500 mg. to humans. Meas- 
urable levels of Loridine persisted for longer than twelve 
hours. 

These are a few of many reasons why Loridine provides 
therapy worthy of consideration. 


tMany strains of enterococci are relatively resistant. Some strains of staphy- 


lococci are resistant. Pseudomonas organisms are resistant, as are most indole- 
producing Proteus species and motile Enterobacter species. 


Lilly 


300491 


diuretics, such as furosemide oretha- 
crynic acid. 


During Administration of Loridine 


1. Because of potential nephrotox- 
icity, daily dosages above 4 Gm. are 
not recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to 3 Gm. daily. 
In patients with renal impairment, 
recommendations in the package lit- 
erature should be followed for main- 
tenance dosage after a loading dose 
of 500 mg. to 1 Gm. If an endogenous 
creatinine clearance is considered 
more desirable than available BUN or 
serum creatinine concentrations for 
establishing the maintenancedosage, 


the initial loading dose may be given 
and results of that test obtained dur- 
ing the ensuing six or eight hours. If 
renal function improves during ther- 
apy, readjustment of dosage may be 
desirable. 


2. Maintain proper hydration. 


3. Monitor renal status. Renal im- 
pairment may be indicated by the ap- 
pearance of urinary casts, proteinuria, 
oliguria, a rising BUN or serum creat- 
inine, or a decreasing creatinine 
clearance or urine/plasma creatinine 
ratio. 

4. If impaired renal function devel- 
ops or worsens during therapy, dis- 
continue use. 


Please turn page for prescribing information. 


Loridine’ I.M. (cephaloridine) 


Because of nephrotoxicity (e.g., tubular necrosis) of cephaloridine in 
dosages above 4 Gm. daily (see Warnings and Adverse Reactions), rec- 
ommended doses should not be exceeded. Renal status of the patient 
should be determined prior to initiation of therapy. Patients with known 
or suspected impairment of renal function should be under close clinical 
observation for changes in renal function or be hospitalized, and re- 
duced dosage should be employed. If impaired renal function develops 
during therapy, cephaloridine should be discontinued. 


Actions: Human Pharmacology—Peak blood levels of 7 and 14 mcg. 
per ml. respectively were obtained in one-half to one hour following 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephaloridine persisted for longer than twelve hours. 

Loridine is excreted unchanged largely by glomerular filtration. 
Doses of 250 and 500 mg. produced very high antibacterial concen- 
trations in the urine, in some instances approaching 1,000 mcg. 
per ml. 

Its nucleus and degradation products differ from those of peni- 
cillin. However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 

Microbiology—The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly to 
plasma protein. 

Loridine is active against the following organisms in vitro: 

Beta-hemolytic and other streptococci (many strains of entero- 
cocci, e.g., Streptococcus faecalis, are relatively resistant) 

Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephaloridine) 

Pneumococci 

Gonococci 

Hemophilus influenzae 

Escherichia coli and other coliform bacteria 

Klebsiella 

Proteus mirabilis 

Loridine is active against Treponema pallidum in animal studies. 

All tested strains of group A streptococci, pneumococci, and peni- 
cillin-G-susceptible staphylococci are susceptible to Loridine. However, 
some strains of penicillinase-producing staphylococci are resistant in 
vitro to concentrations of Loridine that can be achieved in the serum. 
The majority of strains of H. influenzae, Pr. mirabilis, Esch. coli, and 
Klebsiella are also susceptible in vitro. 

Pseudomonas organisms are resistant to Loridine, as are most 
indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
tions of the respiratory tract, genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the treat- 
ment of gonorrhea when penicillin is not considered the drug of choice. 
Appropriate culture and susceptibility studies should be per- 
formed. If the susceptibility tests show that the causative organism 
is resistant to Loridine, other appropriate antibiotic therapy should 
be instituted. 
Contraindications: Loridine is contraindicated in those persons who 
have shown hypersensitivity to it or other cephalosporins. 


Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION, THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS. INSTANCES OF PATIENTS WHO HAVE HAD SEVERE REACTIONS 
TO BOTH DRUGS, INCLUDING DEATH FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 

Impairment of renal function during treatment may be indicated 
by the appearance of casts in the urine, proteinuria, falling urinary 
output, a rising BUN or serum creatinine, or a decreasing creatinine 
clearance or urine/plasma creatinine ratio. 

Cephaloridine should be given cautiously when used with other 
antibiotics having nephrotoxic potential, e.g., gentamicin, kanamycin, 
polymyxin B, and colistin. 

The results of experimental studies in animals suggest that the 
concurrent use of potent diuretics, such as furosemide or ethacrynic 
acid, may increase the risk of renal toxicity. 

Usage in Pregnancy—Safety of this product for use during preg- 
nancy has not been established. 


Precautions: In the case of infections due to beta-hemolytic strep- 
tococci, antibiotic therapy should be continued for at least ten days. 

In the therapy of gonorrhea, patients in whom there is reason to 
suspect concomitant syphilis should have dark-field examinations of 
all suspect lesions before treatment and monthly serologic tests for 
a minimum of three months. 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy. 

Superinfections may develop with organisms not in the spectrum of 
Loridine, particularly Pseudomonas. These can be recognized by clinical 
observation and by means of appropriate cultures. If they occur, proper 
therapeutic measures should be taken. 


Since safety for use in premature infants and in infants under one 
month of age has not been established, administration of cephalori- 
dine to these patients is not recommended. 

A false-positive reaction for glucose in the urine may occur with 
Benedict’s or Fehling’s solution or with Clinitest® tablets but not with 
Tes-Tape® (urine sugar analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity—Maculopapular and erythema- 
tous rashes, urticaria, and anaphylaxis have been reported. Drug 
fever and eosinophilia also have been noted. Hypersensitivity re- 
actions are more likely to occur in patients with a history of allergy, 
particularly to penicillin. 

Blood—Neutropenia and leukopenia have been reported. Some in- 
dividuals have developed positive direct Coombs tests during therapy. 

Liver—Transient elevations of transaminase and alkaline phos- 
phatase levels have been noted. The significance of these findings is 
uncertain. 

Renal—Severe, acute renal failure, in some cases terminating in 
death, has occurred in a small number of patients receiving Loridine. 
The possibility of this complication seems to be greater in seriously 
ill patients given more than recommended doses. Acute tubular 
necrosis has been noted in affected patients coming to autopsy. 

Local Reactions—Pain on |.M. injection of Loridine is rare, and 
phlebitis on I.V. injection occurs infrequently. 

Other—Nausea and vomiting have been reported. 


Administration and Dosage: Ampoules should be protected from light. 
Extemporaneous mixtures of Loridine with other antibiotics are not 
recommended. 

Loridine should be dissolved in either Sodium Chloride Injection 
or Sterile Water for Injection (see the package literature for dilution 
table). 

Intramuscular Injection—Loridine is usually injected into a large 
muscle mass, for example, the gluteal region or the lateral aspect 
of the thigh. 

The usual adult dosage for many infections of moderate severity 
is 500 mg. to 1 Gm. three times a day at equally spaced intervals. 
Milder and more susceptible infections have been treated with 250 
to 500 mg. given two or three times a day. More severe infections 
may be treated with 500 mg. to 1 Gm. four times a day. 

A single 2-Gm. dose is recommended for the treatment of acute 
gonorrhea. 

Early syphilis may be treated with 500 mg. to 1 Gm. daily for ten 
to fourteen days. 

Although some clinical experience with high doses for life-threat- 
ening conditions has been reported, it has been shown that excessive 
dosages (above 4 Gm. daily) may cause serious nephrotoxic reac- 
tions. For this reason, Keflin® (sodium cephalothin, Lilly) may be 
preferred when doses larger than 4 Gm. daily are considered for life- 
threatening situations. If more than 2 Gm. of cephaloridine is injec- 
ted daily, the patient should be under close clinical observation for 
changes in renal function or be hospitalized. In addition, reduced 
dosage should be employed in patients with known or suspected 
renal impairment (see the package literature). 

In children, a daily total of 30 to 50 mg. per Kg. (15 to 25 mg. per 
pound) of body weight, given in divided doses, has been found effec- 
tive for mild to moderately severe infections. A daily total of 100 
mg. per Kg. (50 mg. per pound) of body weight (not to exceed 
recommended adult doses) may be needed for very severe infec- 
tions. Since safety for use in premature infants and in infants under 
one month of age has not been established, the use of cephaloridine 
in these patients is not recommended. 

In both adults and children, failures have appeared to be related 
more closely to insusceptibility of the organism or poor general con- 
dition of the patient than to inadequate dosage. 

Intravenous Injection—In the presence of extremely serious infec- 
tions (such as bacteremia) or when any infection seems overwhelm- 
ing, intravenous administration may be indicated. 

Total daily dosages are the same as with intramuscular injection. 
For very susceptible organisms, 500 mg. to 1.5 Gm. per day may 
suffice; for less susceptible organisms and for serious infections, 2 
to 4 Gm. per day may be needed. 


How Supplied: Ampoules Loridine® (cephaloridine, Lilly), as follows: 

250 mg., 5-ml. size, rubber-stoppered, in packages of 50 (No. 771) 
accompanied by six 20-ml. ampoules of Bacteriostatic Sodium Chlo- 
ride Injection, U.S.P. 

500 mg., 5-ml. size, rubber-stoppered, in packages of 1 (No. 722); 
also available in packages of 50 (No. 772) accompanied by six 20-ml. 
ampoules of Bacteriostatic Sodium Chloride Injection, U.S.P. e 

1 Gm., 10-ml. size, rubber-stoppered, in packages of 1 (No. 723); 
also available in packages of 25 (No. 773) accompanied by four 
20-ml. ampoules of Bacteriostatic Sodium Chloride Injection, U.S.P. 
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Additional information available to the profession 
on request. 
Eli Lilly and Company, Indianapolis, Indiana 46206 
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300-505 Metzenbaum Scissors 


370-104 Graves Speculum 
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320-425 Ochsner Hemostat 


330-555 Green Retractor 


LONG on experience 

Extensive on product line 

Knowledgeable to your wants and needs 
SPARTA . . . the new instrument company 
tnat s new in name only. 


SPARTA INSTRUMENT CORPORATION 


305 FAIRFIELD AVENUE / FAIRFIELD, N.J. O07006 / (2017) 575-1344 
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PRESERVE and PROTECT 
YOUR COPIES OF 
ANNALS of SURGERY 


Now, your journals can become a hand- 
some addition to your professional library. 


These file boxes are designed and cus- 
tom-made to keep your copies orderly, 
readily accessible and clean. 


Durable book-binder’s board covered 
with scuff-resistant, washable Leathertex. 
Lettering embossed in 23-Karat gold leaf. 


Jesse Jones Box Corp. (since 1843) 
Dep’t. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 
Reasonably priced, too. Only $4.25 ea. [] 
3 for $12.00 [] 6 for $22.00 [] 


[] Check enclosed (Make check payable to: 
Jesse Jones Box Corp., Box 5120, Phila., Pa. 
19141) 


Name 





Address 
City/State/Zip 





Shipped postpaid U.S. only 
Satisfaction unconditionally guaranteed 
or your money back. 
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- Finest Quality 
IMPROVED TO SIMPLIFY SKIN GRAFTING! 
Accurate and uniform grafts up to 4 to 8 inches. Throw- 
away Blades, Dermatome Tape, and other accessories 


available for all models. Will take pattern grafts and 
will resplit grafts. Proven by thousands of Surgeons, 


Write Today For Complete Information! 


PADGETT DERMATOME DIVISION 


2838 WARWICK TWFY., KANSAS CITY, MO. 64108 


CHANGE OF ADDRESS 


Change of Address: Please allow 60 days 
before date of issue for change of address. 
Notification should include the old as well 
as the new address, with indication of 
whether the change is temporary or per- 
manent. Please give the name of the Jour- 


nal. 


Send Change of Address cards to: 


ANNALS OF SURGERY 
c/o Fulfillment Manager 
East Washington Square 
Philadelphia, Penna. 19105 


Experimental Canine Coronary Atherosclerosis 


ROBERT E. RAWITSCHER, M.D.,* GARDNER W. SMITH, M.D.,** 


SUITABLE experimental model with coronary athero- 
A sclerosis has not been developed for the study and 
evaluation of technics of myocardial revascularization. 
Experimental coronary atherosclerosis has been pro- 
duced in the dog by Steiner, Kendall, and Bevans!®17 
and modified by others.56141$.22 However, the lesions 
are not satisfactory for the development of technics to 
correct coronary artery disease because of their lack of 
localization. Radiation has been used experimentally to 
produce localized vascular lesions, and a synergistic ef- 
fect of radiation and hypercholesterolemia in the rabbit 
has been reported by Lamberts and deBoer' and Amro- 
min and coworkers.’ The purpose of this study was to 
develop an experimental canine model with a repro- 
ducible, significant localized atherosclerotic lesion in 
a normal coronary vasculature, by combining local 
radiation with moderate hypercholesterolemia. 


Methods 


Twenty-five adult mongrel dogs were divided into 
four groups. A diet containing 5% cholesterol (Purina 
Dog Chow with 5% by weight cholesterol added) was 
used. Total thyroidectomy followed by 500 mg. of pro- 
pylthiouracil daily was used to induce hypothyroidism. 
Animals receiving radiation underwent a left thoracot- 
omy. Group I consisted of six dogs maintained on a 
cholesterol diet and rendered hypothyroid. Group II 
consisted of six dogs maintained on a cholesterol diet; 
rendered hypothyroid and irradiated with 100 to 110 
rads from a 200 K.V. experimental therapy unit to the 
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bifurcation of the left coronary artery. Five dogs in 
Group III received 1500 to 2500 rads to the bifurcation 
of the left coronary artery from radioactive gold seeds 
implanted in the myocardium and held in place by over- 
sewing the epicardium. These animals remained on a nor- 
mal diet and thyroid function was not altered. Eight dogs 
in Group IV were maintained on a cholesterol diet and 
rendered hypothyroid; after 6 months they received 
2000 to 3000 rads to the bifurcation of the left coronary 
artery by implantation of radioactive gold seeds. 

Groups I, II, and IV had periodic determinations of 
serum cholesterol, PBI, weight, and EKG. Animals in 
Groups I and II were sacrificed 6 to 12 months after 
thyroidectomy. Animals that received 1500 to 3000 rads 
were sacrificed 6 to 18 months after the implantation of 
gold seeds. Systemic and coronary arteries were examined 
grossly and microscopically with H & E, Weigert, periodic 
acid Schiff and Sudan stains. 

The coronary artery lesions were graded on a scale 
of 0 to 4+:0 = no visible or microscopic atheromata; 
l+ = one to three grossly observable small scattered 
plaques and minimal microscopic changes; 2+ = dis- 
crete grossly observable segmental involvement without 
a decrease in size of the vessel lumen; 3+ = more ex- 
tensive grossly apparent segmental involvement with 
some encroachment of the lumen size but involving less 
than 50% of its cross-sectional diameter; 4+ = almost 
complete intimal involvement with a decrease in lumen 
size of greater than 50%. 

Results 

The average control weight was 17.8 Kg. (range 11.9 
Kg. to 23.2 Kg.). At sacrifice the average increase in 
weight in hypothyroid animals was 21.3% (maximum 
51%). The average control value for serum cholesterol 
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was 158 mg./100 ml. The average serum cholesterol in 
sacrificed animals that had undergone thyroidectomy 
and were maintained on propylthiouracil and a cho- 
lesterol diet was 685 mg./100 ml., with a range of 200 
to 2550 mg./100 ml. Seventy-five per cent of the cho- 
lesterol values were between 300 and 1000 mg./100 ml. 
All animals that had serum cholesterol levels greater 
than 1000 mg./100 ml. developed grossly recognizable 
coronary and systemic atherosclerotic lesions similar to 
those reported by Steiner, Kendall, and Bevans'®'* and 
others. 4-7:14:18,19 

The appearance of gross lesions with serum cholesterol 
levels below 1000 mg./100 ml. was inconsistent. No gross 
lesions were seen in animals with a serum cholesterol 
level below 430 mg./100 ml., a finding consistent with 
the studies of Gonzalez et al.’ The maximum serum cho- 
lesterol level in animals without generalized lesions was 
950 mg./100 ml. Gross examination of the lesions dem- 
onstrated changes ranging from well-circumscribed pin- 
point intimal elevations to diffuse intimal involvement 
with yellowish-white plaques. Several larger plaques 
were partially calcified, but no calcification was noted 
in the coronary vessels. 

Microscopically the gross intimal lesions were char- 
acterized by subendothelial fibrous proliferation which 
either separated the endothelium from the intact in- 
ternal elastic membrane or caused separation, fragmen- 
tation, and frequent reduplications of the internal elastic 
membrane. 

Microscopic examination of intimal lesions which had 
not been grossly visible showed intimal infiltration with 
lipid-filled foam cells and extracellular lipid deposits. Sub- 
intimal fibrosis and proliferation with disruption of the 
internal elastic membrane appeared as a more advanced 
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Fic. 1A. Group II. Photomicrograph of the left circumflex artery 
demonstrating numerous lipid-filled cells in the media without 
intimal involvement, disruption of the intimal elastic membrane, 
or decreased lumen size. (A) H&E x46. (B) H&E x80. 
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stage. A second pattern was characterized by foam cell 
infiltration, primarily involving the media ( Fig. 1). 

Extension into the intima was observed with destruc- 
tion of the elastic lamellae and disruption of the internal 
elastic membrane. Advanced lesions demonstrated ex- 
tensive foamy infiltration of both the media and the in- 
tima, cholesterol clefts, destruction of the internal elastic 
membrane, intimal proliferation, thrombosis and occlu- 
sion of the vessel (Fig. 2). 

The lesions produced in animals that had received 
radiation were characterized by subendothelial fibrous 
proliferation, hyaline swelling, fragmentation, regenera- 
tion, reduplication of the internal elastic membrane, and 
an increased amount of acid mucopolysaccharide. Figure 
3 illustrates reduplications and regeneration of in- 
ternal elastic membrane and fibrous intimal prolifera- 
tion. In the aorta, an elastic vessel, the musculo-elastic 
bundles were separated by irregular pale zones con- 
taining sparse delicate fibers, small round nuclei and 
acid mucopolysaccharide (Fig. 4). Alcian blue stains 
confirmed the presence of mucopolysaccharide. No cal- 
cification was noted. 

The distribution and extent of lesions as related to 
diet, thyroid state, serum cholesterol levels, and radia- 
tion, are presented in Table 1. 

Group I demonstrated a variable effect of cholesterol 
feedings, thyroidectomy and_propylthiouracil. Serum 
cholsterol at the time of sacrifice ranged from 305 to 
2500 mg./100 ml. Coronary atherosclerotic lesions were 
present in four of six animals. Two animals with serum 
cholesterol greater than 1000 mg./100 ml. exhibited both 
gross and microscopic changes similar to those shown 
in Figure 2. Two animals with serum cholesterol of 500 
to 1000 mg./100 ml. demonstrated 1+ to 2+ changes of 
intimal fibrosis and lipid infiltration. 

In Group II, which had received 100 to 110 rads, the 
animals demonstrated no localized effects from radiation. 
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Fic. 1B. See Legend for 1A. 
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Serum cholesterol values at the time of sacrifice were two 
to three times normal and only one animal demonstrated 
an infiltrative lesions characterized by medial lipid in- 
filtration (Fig. 1). 

In Group III, which had received 1900 to 2400 rads., 
four of five animals had localized changes in the root of 
the aorta and in the left coronary arteries (Fig. 3). Serum 
cholesterol values were in a normal range, lipid infiltra- 
tion was not demonstrated, and the lumen size was not 
decreased. 

Vascular lesions were demonstrated in seven of the 
eight animals in Group IV, which had received 2500 to 
3000 rads, were fed a cholesterol diet and rendered 
hypothyroid. The serum cholesterol was two to five 
times normal in all but one animal, That animal had a 
serum cholesterol of 2408 mg./100 ml. and the extensive 
lesion shown in Figure 2 was found. Radiation changes 
were demonstrated in five of the six remaining animals; 
however, they did not have significant lipid infiltration 
into the lesions or a decrease in lumen size. 

The over-all incidence of localized vascular lesions in 
Groups III and IV was 92%. There was no demonstrable 
difference in the severity of vascular lesions caused by 
radiation in animals with normal serum cholesterol levels 
and those with serum cholesterol levels two to five times 
normal. 


Discussion 


Experimental atherosclerosis, which was first induced 
in rabbits by Ignatowski, in 1908,° was reported to have 
a casual relationship to cholesterol by Anitschkow.? In 
1946, Steiner and Kendall!’ described the production of 
atherosclerosis in the dog using a combination of cho- 
lesterol feedings and propylthiouracil, a combination re- 
ported to be effective after 2 months by Bevans et al.* 
Subsequently, modifications have been reported which 
increase the incidence, extent, and rate of development of 
generalized canine atherosclerosis. These include: 1) 
cholesterol feeding, thyroidectomy, !*'I, and hyperten- 
sion;'*'* 2) hypervitaminosis-D; 3) an “infarct-produc- 
ing” diet; 4) 11I and cholesterol feedings, hypervita- 
minosis-D;!°:20.23 5) 131], a 20% cholesterol diet, 5% cholic 
acid diet, 73% cooking oil and 2% propylthiouracil.'* 

Atheromatous lesions throughout the arterial tree, in- 
cluding the coronary vessels, have been consistently dem- 
onstrated in animals with cholesterol levels greater than 
1000 mg./100 ml.‘ Detailed morphological and biochem- 
ical alterations associated with canine atherosclerosis 
have been reported by Geer,’ Suzaki et al?! Schenk 
et al,’» and Gonzalez et al.’ 

Atherosclerotic lesions in the dog after localized aortic 
radiation were reported by Lindsay et al.''!* Fifteen 
hundred to 5000 rads of low-energy radiation or 1000 
to 9000 rads of high-energy radiation were directed to 
segments of abdominal aorta to selectively injure the in- 
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Fic. 2. Group IV. Photomicrograph of the left circumflex artery, 

demonstrating advanced lipid infiltration involving the entire 

media and intima with vacuolization, disruption of smooth muscle 

and elastic tissue, and marked narrowing of the lumen and 
thrombus. (H&E x 84), 


ternal elastic membrane. Vascular changes were char- 
acterized by: 1) increased acid mucopolysaccharide 
which was progressively replaced by reticulum, collagen, 
and elastic fibers; 2) hyaline swellings, fragmentation - 
and rupture of the internal elastic membrane followed by 
regeneration and reduplication; 3) intimal thickening 
due to fibroblastic proliferation; and 4) occasional fine 
lipid droplets in the intima. No difference was reported 
between groups receiving 1000 to 3000 rads and those 
receiving more than 3000 rads. The combined effect of 
radiation with cholesterol feeding was reported by Lam- 
berts and deBoer,’” and Amromin et al.! The former in- 
vestigators found that rabbits with a serum cholesterol 
level of greater than 1000 mg./100 ml. that received 500 
to 3000 rads developed atheromatous lesions in the 
carotid artery within several weeks. Amromin et al, 
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Fic. 3. Group IV. Photomicrograph of the left circumflex artery, 
demonstrating intimal fibroproliferation and reduplication of the 
internal elastic membrane with coarse elastic fibers. Twelve 
months after irradiation with 2500 rads to the bifurcation of the 
left coronary artery. ( Weigert X125). 





Fic. 4. Group III. Photomicrograph of the root of the aorta 12 
months after irradiation with 2500 rads to the bifurcation of the 
left coronary artery. Note the separation of the inner third of the 
medial musculo-elastic bundles by irregular pale zones which had 
a slightly bluish cast and contained delicate fibers and small 
round nuclei. (H&E x110). 


demonstrated that rabbits receiving 2500 rads to the 
mediastinum while on a high cholesterol diet (serum 
cholesterol 800 to 1200 mg./100 ml.) developed diffuse 
atherosclerotic and atheromatous lesions of the major 
coronary arteries within 5 to 8 weeks. 

In the present study, the preservation of a normal dis- 


TABLE 1. 


RAWITSCHER, SMITH AND MULLER 


Ann. Surg. * March 1973 


tal coronary vasculature precluded the use of regimens 
which would result in serum cholesterol levels of greater 
than 1000 mg./100 ml. However, a synergistic effect of 
elevated serum cholesterol with local radiation was pur- 
sued by attempting to maintain the serum cholesterol 
level at two to five times normal, a combination which 
could promote an increased lipid deposition in the area 
of a local vascular injury. Serum cholesterol levels were 
maintained at two to five times normal in 85% of the ani- 
mals placed on a cholesterol diet. The three animals in 
which the serum cholesterol level was greater than 1000 
mg./100 ml. developed generalized lesions with classical 
microscopic findings. The effect of 1500 to 3000 rads 
delivered to the bifurcation of the left coronary artery 
produced microscopic changes of radiation injury in 12 
of 13 animals. Because of the interval of 12 to 18 month: 
from the time of radiation to sacrifice, the principa 
microscopic lesion seen was intimal thickening due tc 
fibroelastic proliferation. However, internal elastic mem. 
brane changes of hyaline swelling, fragmentation, rup. 
ture and reduplication were also seen. The most striking 
examples of increased acid mucopolysaccharide were 
found in the root of the aorta. No lipid deposits were 
seen in the animals on a normal diet. Irradiated anima 
+297 had a serum cholesterol level of 2408 mg./100 ml 
and showed changes, primarily of hypercholesterolemia 
Two additional irradiated animals with an elevatec 
serum cholesterol demonstrated increased local lipic 
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Sacrifice Months 


Weight Coronary Lesions 
5% Serum Cholesterol Interval 

Cholestrol Thyroidec- Control Final Control Final Radia- Duration after Gross Microscopic 
Number Diet tomy Kilo mg./100 ml. tion of Diet Radiation 0to++++ 
4-D-88 X x 21.0 23.0 155 2550 0 6 as T et 5 = al SE 
4-D-98 xX x 20.5 29.5 130 950 0 10 — 0 + 
4-D-96 x x 20.0 16.0 140 350 0 10 — 0 0 
503 x xX 15:5 21.4 150 508 0 8 — 0 7 E i 
4-E-11 x X 19.5 29.5 245 1860 0 10 — +++ ++++ 
507 x x 14.0 11.0 165 305 0 9 — 0 0 
4-D-95 x x 21.0 29.1 155 400 111 R 9 6 0 
4-D-97 xX x 20.0 21.8 210 275 110 R 10 7 0 0 
4-E-8 x xX 14.5 ir R 120 350 100 R 10 8 0 0 
4-E-9 X x 23.0 26.0 174 400 100 R 6 4 0 a Se SA T 
4-E-13 x x 19.5 21.8 110 325 111 R 10 7 0 0 
4-E-14 x x 19.0 19.1 130 350 110 R 10 7 0 0 
755 0 0 — 18.6 147 132 2500 R 12 0 ++ 
756 0 0 — 15.0 182 160 1550 R 12 0 ++ 
758 0 0 — a 166 212 2500 R 18 0 ++ 
761 0 0 — 11.0 135 202 1960 R 18 0 + 
762 0 0 — 20.5 168 208 1900 R 18 0 a 
295 X xX 16.8 21.4 179 600 2500 R 12 6 0 zl i 
297 xX xX AY aS 24.1 161 2408 2500 R 24 18 fet Fett 
307 x x 14.5 18.6 152 205 2500 R 24 18 0 +(intima) 
504 x xX 14.1 18.6 152 403 2500 R 18 12 ++ ++-+(media) 
514 x x 20.0 20.0 147 371 3000 R 18 12 0 0 ‘ 
516 x x 11.8 14.5 164 385 2500 R 18 12 0 ++ 
517 x x 17.5 25.0 133 352 3000 R 24 18 0 mie 
528 x x 16.4 19.1 155 367 3000 R 26 18 eae a Tr u 
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infiltration: animal #307 had a minimal amount of in- 
timal lipid infiltration, (grade 1+), and animal +504 
had a grossly apparent lesion with medial infiltration 
(grade 3+). None of the animals in Groups III or IV, 
with the exception of +297, developed lesions which 
could have been hemodynamically significant. 

The evidence of vascular injury secondary to more 
than 1500 rads of radiation was a constant finding; how- 
ever, no significant difference was observed when the 
effects of local radiation alone or with moderate hyper- 
cholesterolemia were compared. This would suggest that 
to obtain a synergistic effect with radiation, a serum 
cholesterol level of greater than 1000 mg./100 ml. is 
necessary. The failure to develop a significant athero- 
matous lesion in the presence of reproducible vascular 
injury with serum levels of 2 to 5 times normal was un- 
expected in light of the report that “the muscular arteries 
of the dog and especially the coronary arteries show a 
high lipidosis potential . . .”1° Unfortunately, if the serum 
cholesterol became greater than 5 times normal, general- 
ized atherosclerotic changes occurred. 

The results of the present study are in accord with 
previous reports of the effect of hypercholesterolemia and 
the effect of localized radiation. However, the attempt 
to produce a significant local atherosclerotic lesion in the 
dog by involving a synergistic effect of moderate hyper- 
cholesterolemia and radiation was not successful. 


Summary 

A canine experimental model with localized coronary 
atherosclerosis was pursued utilizing localized radia- 
tion of 1500 to 3000 rads with and without moderate 
hypercholesterolemia of two to five times normal. Twelve 
of 13 animals that received more than 1500 rads of radia- 
tion developed vascular changes of acid mucopoly- 
saccharide accumulation, internal elastic membrane 
swelling, fragmentation, regeneration and reduplication, 
and intimal fibroblastic proliferation. Three animals that 
developed marked hypercholesterolemia demonstrated 
typical infiltrative and fibroproliferative changes. No sig- 
nificant difference in the severity of lesions was noted 
in irradiated animals that were in a hypercholesterole- 
mic state of less than 1000 mg./100 ml. when compared 
to animals with normal serum cholesterol. The irradiated 
animals did not develop significant lipid infiltration and 
the lesions produced were not of hemodynamic signifi- 
cance, 
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“Wringer Arm” Reevaluated: 


A Survey of Current Surgical Management of Upper Extremity Compression Injuries 


HE TERM “WRINGER ARM” was first used by Mac- 
T cotum™ in 1938 to describe the injury complex re- 
sulting from forcible traction of an upper extremity 
through the moving rollers of a non-automatic washing 
machine. Numerous clinical reports appearing since that 
time?-#,9.16:18.20 haye emphasized the severity of compli- 
cations which may follow a wringer injury, and rather 
strict guidelines for the care of these injuries have 
evolved. These include routine hospital admission, con- 
tinuous elevation of the extremity, application of a com- 
pression dressing and prolonged observation of the arm 
for the late appearance of complications. 

Wringer injuries are not uncommon at the University 
of Virginia Hospital, perhaps because of the large rural 
population seeking medical care in.our emergency room. 
Although some of these injuries have been associated 
with serious problems requiring delayed surgical care, 
they have been both relatively infrequent and vividly 
apparent at the time of initial examination. We have, in 
fact, been impressed by the infrequency of serious 
complications following a wringer injury, and have 
adopted a more flexible approach to their treatment. 

This report includes both a clinical survey of 100 con- 
secutive wringer injuries treated at this hospital and 
a review of the accumulated experience (3,370 reported 
cases) of those who have surveyed this problem in the 
past: Particular attention has been directed toward the 
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frequency of complications requiring delayed surgical 
treatment, the time at which these problems were de- 
tected, the necessity of routine immediate hospitaliza- 
tion, and the usefulness of currently practiced treatment 
methods. 


Mechanism of Wringer Injury 

Wringer injuries continue to represent a significant 
health problem, particularly among young children. Press 
et al.%* estimated that in 1962, 17.5 million homes har- 
bored wringer-type washing appliances. In 1966, wringer 
machines continued to comprise 13.3% of all washer sales 
in this country.” Allen and coworkers* found that 40% of 
their patients sustained injuries on machines less than 
1 year of age. This rather surprising prevalence of 
wringer-type washers, together with the inexorable fac- 
tor of human curiosity and carelessness, makes the con- 
tinued occurrence of these injuries a virtual certainty. 
Teague?” surveyed a larger series of wringer injuries in 
New Zealand and found that a majority could have been 
easily prevented by simple parental caution. 

Furthermore, the inherent risks of wringer devices has 
probably not changed significantly since MacCollum’s 
initial description of this injury.17 Current safety stand- 
ards dictate that a manual release mechanism must be 
present and easily accessible on every wringer appli- 
ance, but it is highly unlikely that small children, who 
suffer most of these injuries, will be capable of activating 
such a mechanism. Far more useful would be an atito- 
matic pressure-sensitive turn-off switch adjusted so that 
insertion of a small arm will quickly exceed the maxi- 
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mum permissible pressure between the rollers. Such a 
mechanism is available for reasonable cost, but in a re- 
cent survey by Press et al.”* only seven of 907 machines 
possessed this device. Unfortunately uniform legislation 
requiring its installation on all wringer appliances does 
not exist. 

MacCollum"™ has pointed out that the degree of in- 
jury varies with the speed of the rollers, the gap be- 
tween these devices, the duration of exposure, and 
whether or not forceful attempt has been made to ex- 
tricate the involved limb. The immediate forces brought 
to bear upon the incarcerated extremity are: (1) fric- 
tion with its abrasive and bruising actions,®:14:7!?" (2) 
compression causing contusion of skin and muscle bellies, 
fractures and hematomas, and (3) avulsive forces which 
separate the skin from its blood supply.*:":'! Subcutaneous 
liquification of fat has also been described'® following 
severe subcutaneous injury. Late sequelae, such as ische- 
mic damage to muscle, nerves, and skin, are presumed 
to be a result of compression within the extremity sec- 
ondary to soft tissue edema, extravasation of blood, vas- 
cular spasm and venous or lymphatic obstruction. The 
histopathology of this injury has been described by 
Entin? who studied rat and dog limbs subjected to ex- 
perimental crush injury. 

Adams and Fowler? have emphasized the greater 
severity of muscle injury following wringer compression 
relative to skin loss, suggesting that severe edema often 
precedes muscle necrosis and subsequent fibrosis. Per- 
haps, because of these findings, as well as occasional 
reports of Volkman’s ischemic contracture following 
wringer injury, the vascular complications of wringer 
injury may have been overemphasized. In fact, Thomp- 
son and Hampole** were unable to consistently produce 
distal gangrene in Cebus monkey extremities subjected 
to wringer injury. 


Clinical Survey 


The medical reports of 100 consecutive wringer injur- 
ies treated at the University of Virginia Medical Center 
were reviewed retrospectively. The age, extremity in- 
volved, findings at initial examination, course of treat- 
ment, final extent of injury, length of hospitalization, and 
late complications were recorded. 

Eighty-five per cent of the injuries occurred in chil- 
dren less than 15 years of age. Eleven per cent of in- 
juries involved patients over 50. The right upper extrem- 
ity was involved more frequently (64 patients) than the 
left (39 patients) and bilateral injuries were present in 
three patients. The highest level of injury was variable, 
but most commonly extended to the antecubital region 
(33 patients). The axilla was involved in 22 patients. 
The fingers alone were involved in three patients and 
the hand alone in 11 patients. The remainder of the 
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patients sustained injury to varying levels above the wrist. 
The severity of the injury did not appear to correlate 
with the level to which the rollers progressed. 

The distribution of injuries seen is listed in Table 1 
The most common form of injury was a friction burn, 
the severity of which varied widely from mild erythema 
to badly burned skin which was obviously nonviable. 
These wounds were most commonly found in the ante- 
cubital region where the progress of the rollers was 
often arrested. Some degrees of edema was present in 
all patients, ranging from mild to moderate in degree, but 
in no case was edema severe enough to threaten vascular 
integrity of the limb. 

Subcutaneous hematomas were infrequent (7 patients ) 
and two of these required surgical drainage. Lacerations 
were present in 14 patients, usually involving the digital 
web spaces, and most of these healed primarily. Frac- 
tures were found in only two patients. 

Fifteen patients required grafting for the replacement 
of full thickness skin necrosis. In 12 of these the likeli- 
hood of skin damage was apparent and described in the 
notes of the examining surgeon at the time of initial 
examination. In only two cases did skin of questionable 
viability, as evidenced by a small area of ecchymosis 
with surrounding edema, require replacement. Both of 
these patients were seen early following injury and both 
were treated by elevation and compression. The most 
common site of full thickness loss was the elbow region 
since this was the area of most severe contact with the 
abrading action of the rollers. Six grafts were placed in 
the antecubital region and four over the medial humeral 
epicondyle, another troublesome location. Three patients 
were seen initially 2, 2%, and 3 weeks following injury, 
respectively, having been followed by their local 
physician and referred to this hospital when the need for 
grafting became apparent. 

Three patients developed septic complications with 

















TABLE 1. Distribution of Injuries among 100 Consecutive ‘Wringer 
Arm” Patients 
No. Pts. (%) 

Soft Tissue Swelling Only 38 
Friction Burns | 
Contusions 13 
Lacerations 14 
Fracture, Dislocations 2 
Hematomas 

Treated Conservatively 5 

Surgically Drained 2 

23% required 

Full-thickness Skin Loss delayed 

Requiring Grafts 15 surgical 


treatment 
Complex Injuries 
(i.e. requiring flap reconstruction, amputa- 6 
tions, nerve injuries, etc. ) 
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fever, erythema around their wounds, and toxic mani- 
festations. All responded rapidly to antibiotic therapy 
but, in one instance, infection appeared to have been 
related to conversion of a partial thickness abrasion to 
a full thickness loss of skin. 

Complex injuries, i.e. those associated with consider- 
able reconstruction, were infrequent. Only six such in- 
juries were encountered and these are briefly described 
(Table 2). 

It is of interest that 23 patients in this series required 
delayed surgical management of their injuries. A ma- 
jority (77) required only the necessary suturing and 
local wound care at the time of initial evaluation. There 
was initial doubt regarding the need for skin replace- 
ment in only two patients, and both eventually required 
grafts. Clinical evidence of vascular compromise was 
not evident in this series, even though one fasciotomy 
was performed as a preventive measure at the time of 
debridement of a severe avulsion injury. 

It is also pertinent to consider ten patients who com- 
prise a “late treatment” group, i.e. seen from 24 hours to 
3 weeks after injury. None of these patients had been 
treated with immediate elevation or compression; yet 
the severity of injury was not obviously different from 


TABLE 2. Complex Wringer Injuries: Case Reports 

JAG A 4-year-old boy sustained bilateral wringer injuries with 
full thickness skin loss on the dorsum of the right hand and 
wrist and left antecubital region. This required an ab- 
dominal pedicle flap and multiple split thickness skin grafts 
for coverage. 

KJ A 24-year-old boy sustained a severe avulsion injury of the 

left palm. An abdominal flap used for closure became ` 

infected, necessitating return of the flap to the abdominal 
wall. The patient subsequently needed a split thickness 
graft for coverage. Another abdominal flap was elevated 
and attached 3 months after injury with good results. Three 
subsequent reconstructive procedures were necessary to 
obtain a functional hand. 

An 83-year-cld lady sustained a severe “bursting” injury 

to the right forearm with a fractured radius and first 

metacarpal. An incidental fasciotomy was done because 

of swelling of the flexor compartment. Debridement with 

primary closure was carried out later but the functional 

result was poor. 

A 59-year-old lady sustained an avulsion injury of the right 

index finger tip and amputation of the middle finger at the 

PIP joint; a thenar flap was required for coverage of thè 

index finger pad. 

A four year old child whose right hand was incarcerated in 

a wringer for 20 minutes sustained multiple fractures of 

fingers and thumb and a severe degloving injury. He 

required amputation of all the fingers and an abdominal 
pedicle flap for closure of the defect. 

TT A 6-year-old girl sustained a severe abrasive injury when 
her right hand and arm were forcibly drawn through a 
washing machine wringer. Subsequently, she developed 
necrosis of a large traumatic skin flap in the palm and 
required an abdominal flap. Osteomyelitis of the humerus 
and a pathologic fracture of that bone subsequently 
occurred. Multiple reconstructive procedures over a 3-year 
period were required for a good functional result. 
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the remainder of the series. Three of these required 
skin grafts for coverage of full thickness skin loss. Two 
had been treated by their family physicians with fre- 
quent cleansing of damaged skin, antibiotic ointment 
and sterile dressings and were referred when the need 
for grafting became apparent. One patient had a neg- 
lected friction burn in the antecubital region which be- 
came infected and subsequently underwent necrosis. 
In only one instance could the necessity for skin grafts 
be unequivocally blamed on inadequate initial treatment, 
and this may have been obviated by initial cleansing and 
care of the cutaneous wound. 

In an effort to compare our own experience with that 
of other clinicians dealing with this injury, the accumu- 
lated experiences presented in 2] previous reports were 
collected and tabulated (Table 3). The frequency of pa- 
tients requiring skin replacement was variable, perhaps 
because some groups of patients were highly selected for 
serious injuries requiring specialized care. Nevertheless, 
complex injuries, i.e. those involving nerves and tendons, 
amputations, or those | requiring flap reconstruction, were 
seen in only 43 of 3,370 patients reported. Among these 
patients, only three required fasciotomies. Two were 
done for suspected vascular occlusion,!*? and one was 
performed because of an improperly applied compression 
dressing with resultant vascular compromise distal to 
the dressing.13 Only five Volkman’s ischemic contractures 
were reported among these patients. This would seem to 
indicate that the danger of vascular and other serious 
complications following wringer compression can be a 
genuine threat, but is extremely uncommon among all 
those exposed to this injury. 


Discussion 


The evolution of treatment methods for this injury is . 
of considerable interest and warrants further discussion 
here. In 1946, Schultz?” suggested that the application 
of pressure would prevent swelling and facilitate heal- 
ing. In 1950, Hausman and Everett’? examined their 
own results of treating wringer injuries over a 14-year 
period. From 1935 to-1941 this treatment consisted of 
hot compresses, multiple incisions and Dakin’s solution 
irtigations. In 1942, their treatment became more stand- 
ardized and consisted of meticulous surgical cleansing 
and debridement under aseptic conditions, coverage of 
cutaneous injuries with sterile dressings, the application 
of firm compression dressings and antibiotics. Twenty- 
four of 34 patients treated prior to 1942 required skin 
grafts compared to 11 of 62 patients treated from 1942 
to 1949. The difficulties inherent in comparing such 
treatment groups are obvious. Slightly more than one- 
third of the patients in the early group had fractures 
compared to 11% in the latter, a fact that would seem to 
indicate a more severe spectrum of injuries in the earlier 
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TABLE 3. Survey of 3,370 Previously Reported Wringer Injuries 








Vascular 
Avulsions occlusion Volkman’s 
Number of Fracture or requiring Complex requiring ischemic 
Author Date patients dislocation skin graft injuries* fasciotomy contracture 

MacCollum!? 1938 26 2 7 
Allen? 194 107 2 
Schulz?5 1946 64 8 
Hausmann, Everett! 1950 110 20 29 1 
MacCollum et al.!8 1952 116 4 24 
Posch, Weller”? 1954 23 1 17 2 
Hardin, Robinson!’ 1954 55 20 8 
Poulos” 1958 48 3 5 1 
Lindsay et al." 1958 419 39 8 I 
Adams, Fowler! 1959 120 17 2 1 1 
Luck, Maddox" 1959 295 56 
Lynn, Reed!’ 1960 423 27 | 
Iritani, Siler! 1961 442 14 41 3 1 2 
Chamberlain, Soltes® 1961 116 1 10 2 
Press et al.” 1964 293 17 5 
Cohen’? 1964 42 23 
Moseley, Hardman” 1965 100 2 8 
Teague?’ 1966 266 6 5 
Allen et al.4 1968 115 13 3 
Perry et al.” 1969 74 2 12 3 
Strahan, Crockett?® 1971 116 4 23 5 1 1 

Totals 3,370 86 381 43 3 5 





* Includes nerve and tendon injuries, amputations, wounds requiring flap reconstruction, etc. 


series. The relative merits of compression compared to 
meticulous cleansing and wound care in reducing the 
incidence of skin loss can not be determined from a re- 
view of these studies. The authors make no statement 
regarding elevation as a treatment modality in either pa- 
tient population, a factor which may have been of pri- 
mary importance. 

Beginning in 1952, MacCollum!* recommended the 
routine use of compression for all such injuries, an ap- 
proach which has since gained wide acceptance.!?:15.16. 
21,22 Luck and Maddox! and Moseley and Hardman?’ 
have provided some support for the use of compression 
dressings by pointing out that the incidence of full thick- 
ness skin loss among patients who sought treatment late 
to be higher than those treated at the outset by com- 
pression. Such data, however, must be interpreted cau- 
tiously since those arriving late for treatment were likely 
to be the more severely injured members of a population, 
the majority of which seek no treatment at all. Our own 
“late treatment group”, although admittedly limited in 
size, did not display a more serious group of injuries. 

The entire problem of vascular compromise following 
wringer injury seems to have been overemphasized. Al- 
though Compere* mentions a patient who developed 
delayed gangrene following a neglected and inade- 
quately treated compression injury of the arm, such oc- 
currences have been exceedingly rare. It is of interest 
that prior to the widespread adoption of compression 


dressings 175 cases of wringer arm had been reported 
and there was no report of distal vascular compromise 
in any of these patients. More recently Poulos? and 
Chamberlain and Soltes® have routinely omitted compres- 
sion dressings, treated the limb with elevation alone and 
have had no vascular complications. Similarly, docu- 
mented occurrence of Volkman’s ischemic contracture is 
also notably rare. As noted previously, Iritani and Siler’? 
reported only one fasciotomy in their lengthy series and 
this became necessary only after improper application 
of a compression dressing. Thus, it would appear that in- 
expertly applied pressure dressings can represent a dis- 
tinct liability rather than a benefit. In our own series, only 
one fasciotomy was performed, but this represented a 
prophylactic measure performed in a patient undergoing 
a forearm procedure to repair flexor tendons. 

Noteworthy in our own series was the fact that, with 
two exceptions, the severity of injury could be accurately 
determined at the time of initial examination. Admittedly, 
in several instances with skin loss, the exact limits of 
necrosis could not be defined early, but the need for 
provision of surgical coverage with grafts or flaps could 
be predicted easily following careful examination of the 
skin. Several features seemed to be associated with 
integument loss. The presence of distally based skin 
flaps with poor bleeding of their dermal margin (Fig. 
1), cyanotic and ecchymotic skin surrounding a friction 
burn (Fig. 2) and deeply discolored abrasions all re- 


366 





Fic. 1A. S. M., A 5-year-old boy sustained a wringer compression 
injury of the right hand. A severe friction burn is present with 
obviously non-viable skin. 





Fic. 1B. The area has been excised to the level of viable tissue and 
a split thickness skin graft applied. 
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Fic. 1C. The graft took perfectly and several weeks postopera- 
tively a full range of motion is present in the hand. 


quire close observation and aggressive surgical care. 
In no case did the use of compression appear to alter 
the clinical course of these wounds. 

The treatment of wringer injuries at the University of 
Virginia Hospital has in the past been fairly standardized 
in that all patients were admitted and observed for sev- 
eral days. Compression dressings were applied to all 
wringer arms and elevation was maintained for at least 
48 hours. In light of the findings in this clinical survey 
we are now handling these patients on a more individ- 
ualized basis. All wringer arms are examined carefully 
in the emergency room. Radiographs of the affected part 
are obtained only if deformity or bone tenderness indi- 
cate the likelihood of a fracture. In addition, the parents 
of the child are interviewed carefully in order to gain 
some impression of how responsible they will be for 
carrying out instructions at home. Those patients with- 
out evidence of complex injury or areas of full thickness 
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Fic. 1D. See legend for Figure 1C. 


skin loss are treated as outpatients. All injuries to the 
integument are cleansed meticulously, and necessary lac- 
erations stutured, the wounds being covered with anti- 
biotic or petrolatum impregnated gauze. The entire 
extremity is then wrapped in a bulky noncompressive 
dressing with an outrigger which can be used to suspend 
the arm over a chair placed at the child’s bedside. These 
children are examined daily in the clinic for 3 to 4 days. 
The family is advised to return immediately in response 
to pain since the uncomplicated wringer injury is ordi- 
narily very comfortable after splinting. To date, we are 
not impressed with any difference in the course of pa- 
tients treated with or without compression. It may be 
that the use of a pressure dressing in the past has simply 
been a convenient method of maintaining elevation and 
rest. With assurance of good home care, some patients 
with small areas of impending full thickness skin loss 
can be treated safely as outpatients and admitted when 
ready for skin grafting. 

Patients who live a great distance from the hospital, 
those with uncooperative parents, and all those with 
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Fic. 2A. D. W., A 73-year-old woman sustained a wringer in- 
jury of the right hand. A large distally based skin flap is present 
and no bleeding is detectable from the dermal margins. 





A 
x. 


Fıc. 2B. The flap has been excised back to viable skin and a split 
graft applied. 
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Fic. 2C. An excellent functional result was obtained. 


complex injuries are admitted for treatment. They are 
treated with continual elevation in a noncompressive 
dressing. When indicated, an aggressive approach to 
massive gangrene is encouraged with removal of obvious 
necrotic tissue, and early grafting or flap coverage in 
order to preserve function and shorten hospitalization. 
Although infection was a serious problem when wringer 
injuries were described in 1938," we have not found it 
necessary to use antibiotics routinely, but reserve their 
use for patients with obviously contaminated injurics. 
Oral and parenteral enzymes have also been advocated 
in the past? not only to minimize edema but also hasten 
its resolution. Our experience with these agents, how- 
ever, has been disappointing and Bennett et al have 
shown in experimental studies that only hyaluronidase is 
effective in this type of injury and then only if injected 
promptly into the site of the wound. The use of ACTH 
has been both advocated’? and condemned." Stellate 
ganglion block has been recommended in order to com- 
bat vasospasm, but we have not used this for the acute 
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wringer injury, preferring to reserve cervical sympathec- 
tomy for more chronic problems following upper ex- 
tremity compression. 

One additional consideration when treating children 
has been the opportunity to prevent further occurrence 
of wringer injuries in the same child or in younger sib- 
lings. Unless parents are counseled regarding the proper 
location of a wringer washer, and the need to keep it 
unplugged and out of reach of small inquisitive hands, 
the chance of repeat injury is great. 


Conclusions 


In summary, a plea is made for a more individualized 
approach to the case of wringer injuries. In a review of 
100 consecutive patients with this problem, we found 
that complex injuries and vascular complications were 
fortunately infrequent. A review of 3,370 previously re- 
ported wringer injuries confirmed this observation. Fur- 
thermore, it is our opinion that serious injuries can us- 
ually be detected early by experienced surgeons and 
that an early aggressive approach to the reconstruction 
of soft tissue and functional defects can shorten hos- 
pitalization and minimize deformity. The role of con- 
tinuous compression to the injured extremity has never 
been clearly determined and may not be desirable. 
Finally, children with minor injuries can be successfully 
treated on an outpatient basis with frequent re-examina- 
tion without fear of dire consequences if their parents 
are willing and capable of following carefully explained 
directions. Such routines reduce anets of medical care 
and free needed hospital beds with little threat to life 
or limb. 
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Natriuresis in the Rhesus Monkey after 


ARTHUR I. 
COL, MC, USA,* JOHN F. MULLANE, LT COL, MC, USA** 


ESIONS of the central nervous system may have a 
L direct effect on the renal control of sodium excre- 
tion. Increases in sodium excretion accompanying sub- 
arachnoid hemorrhage, inappropriate, antidiuretic hor- 
mone secretion accompanying various states of intracranial 
disease, and hyponatremia following intracranial surgery, 
all provide evidence for the control.®:11:18 Recently, evi- 
dence has been presented to show that brain receptors 
are present near the cerebral ventricles which are sensi- 
tive to sodium, and may control renal electrolyte excre- 
tion.27 Conversely, it has been shown that increases in 
systemic blood pressure, under certain conditions, may 
alter renal blood flow. and hence influence renal sodium 
excretion.*° In view of these findings, and in an attempt 
to better understand the correlation between generalized 
intracranial hypertension and renal function, the follow- 
ing study was carried out. 


Methods and Materials 


The principles of animal laboratory care as promul- 
gated by the National Society for Medical Research were 
observed in these experiments. Fourteen adult female 
Rhesus monkeys, weighing 1.9 to 5.7 Kg., were used 
throughout the study. The animals were anesthetized 
with intravenous Nembutal, and Foley urinary catheters 
were inserted into the bladders. Right and left posterior 
parietal trephine openings were then made in each ani- 
mal. Polyethylene catheters were placed into the femoral 
artery and connected to the Sanborne 350 eight channel 
recorder via the appropriate pressure transducer for con- 
tinuous blocd pressure and heart rate monitoring, and 
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Intracranial Hypertension 
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into the femoral vein for renal clearance studies, In the 
seven experimental animals intracranial pressure was- 
constantly monitored via a SA M-7HW intracranial pres- 
sure transducer* which was placed into the epidural 
space via the left trephine opening, and connected to the 
Sanborne recorder. 

After preparation of the animal, a priming dose of 50 
mg. paraminohippuric acid (PAH) and 100 mg. of inulin 
was injected intravenously, and a constant infusion of a 
normal saline solution containing 0.667 mg./100 ml. of 
PAH and 2.2 mg./100 ml. inulin was carried out for two 
hours at a rate of 10 to 15 cc./hour/Kg.. At the end 
of this 2-hour equilibration period, arterial blood samples 


were collected in a heparinized syringe, the bladder was 


washed ‘out with 10 cc. of distilled water and five cc. of 
air, and urinary collections were begun. Arterial blood 
and urine collections were then made at the end of 1 
hour. In the seven sham animals two additional collec- 
tion periods were made of 45 minutes each. In the seven 
experimental animals, intracranial pressure was raised to 
75 mm. Hg and maintained at that level by inflating a 
balloon placed in the epidural space via the right trephine 
opening. In these animals two additional 45-minute pe- 
riods were also carried out. Throughout the study period 
of intracranial hypertension, small increments of water 
were either added or subtracted from the epidural balloon 
to maintain the intracranial pressure at 75 mm. Hg. 

The plasma and urine samples were analyzed for 
sodium, potassium, PAH, and inulin. The renal plasma 
flow (RPF) was calculated from the renal clearance of 
PAH and the glomerular filtration rate (GFR) from the 
clearance of inulin. Fractional sodium excretion was cal- 
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culated from the formula UnaV/FNA where UnaV is the 
excretion of sodium in Eq/min and Fna is the filtered 
sodium; and the filtration fraction was calculated from 
Cin/Cpan Where Cin is the inulin clearance (GFR) and 
Cyan is the PAH clearance (RPF). Results are expressed 
as a mean with its standard deviation. The significance 
of the results was determined from the T test and the 
correlation coefficient (r). 


Results 


The most striking finding was a marked increase in 
the sodium excretion in the experimental group as com- 
pared with the sham animals, from a mean difference of 
26.0 » Eq/min./Kg. versus 0.71 » Eq/min./Kg., p < 0.02 
(Fig. 1). Other significant findings were an increase in 
the fractional sodium secretion (5.8% versus —1.5%, p < 
0.02) (Fig. 2), an increase in the filtered fraction (0.059 
versus 0.02, p < 0.02) (Fig. 3), a decrease in the RPF 
(12.2 ml./min./Kg. versus .71 ml./min./Kg. p < 0.05) 
(Fig. 4), and an increase in the mean arterial blood 
pressure (MABP) (a mean difference of 20 mm. Hg 
versus 0.2 mm. Hg, p < 0.01) (Fig. 5). The correlation 
coefficient for change in excreted sodium versus change 
in MAPB was 0.74, (Fig. 6). Unchanged was the GFR 
(mean difference of 0.2 ml./min./Kg. versus 0.4 ml./min./ 
Kg., p > 0.05) (Fig. 7), and the filtered sodium (—11 p 
Eq/min./Kg. versus 702 Eq/min./Kg. p > 0.2) (Fig. 8). 
Figure 9 is a composite of the above findings. 


Discussion. 

James and Wise studied the effect of raised intra- 
cranial pressure (ICP) on renal function in the dog 
and found a significant decrease in the urinary excretion 
of sodium, in glomerular filtration rate (GFR), and in 
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Fic. 1. Comparison of sodium excretion in sham animals (left) 
and experimental animals (right) shows marked increase during 


study period. 
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Fic. 2. Comparison of fractional sodium excretion in sham ani- 
mals (left) and experimental animals (right) shows a significant 
increase during study period. 


renal plasma flow (RPF).!? In their model ICP was 
raised by an infusion of artificial CSF into the sub- 
arachnoid space and was accompanied by a secondary 
rise in arterial blood pressure. They explained their find- 
ings on the basis of a decreased blood flow to the kidney, 
secondary to peripheral vasoconstriction, including renal 
arteriolar constriction, which has been shown to be 
initiated by intracranial hypertension and is the mecha- 
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Fic. 3. Comparison of filtration fraction in sham animals (left) and 
experimental animals (right) shows a significant increase during 
the study period. 
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Fic. 4. Comparison of renal plasma flow in sham animals (left) 
and experimental animals (right) shows a significant decrease 
during the study period. 


nism for the accompanying systemic arterial hyperten- 
sion.’ Guyton et al. likewise demonstrated an oliguria 
in dogs during periods of increased ICP accompanied 
by an elevated systemic arterial pressure.® Fishman 
studied the renal response of dogs to a saline load during 
which time the ICP was elevated but the systemic arterial 
pressure remained normal. He found no change in the 
urine flow, sodium excretion, GFR, or RPF, and con- 
cluded that the existence of an intracranial volume re- 
ceptor influencing the renal excretion of sodium has yet 
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Fic. 6, Above graph demonstrates the positive correlation {r = 
0.73) between sodium excretion and change in mean arterial blood 
pressure when comparing control and study periods. 


to be proven. Finally, Salk and Weinstein’? studied the 
renal response to increased ICP accompanied by a sig- 
nificant increase in systemic arterial pressure in the dog, 
and explained their finding of a decreased urinary flow 
rate on the basis of a renal vasoconstriction causing a 
decrease in the renal blood flow to such an extent as to 
account for the oliguria, despite the marked rise in sys- 
temic arterial blood pressure. 

The present study demonstrated a marked natriuresis 
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during intracranial hypertension which was accompanied 
by a significant increase in the MABP, Accompanying 
this natriuresis was an increase in the fractional sodium 
excretion, an increase in the filtered fraction, and a de- 
crease in the RPF. These findings, plus a lack of change 
in the filtered sodium, point to-changes in the tubular 
reabsorption mechanism as the cause of the natriuresis. 
The correlation coefficient of 0.74 between change in 
MABP and change in excreted sodium lends further sup- 
port to the thesis that physical forces, namely the per- 
fusion pressure and intrarenal pressure, effect the tubular 
absorption of sodium, 4515.16 

Lowenstein, et al. in a clinical study of normotensive 
and hypertensive individuals, were able to demonstrate 
a marked natriuresis during a saline load in the hyper- 
tensive group. Intrarenal pressure, as estimated from the 
wedged renal vein pressure was elevated in the hyper- 
tensive patients during the resting state, and markedly 
so during the period of saline loading. The GFR re- 
mained unchanged and the RPF was unchanged or 
slightly decreased, During the saline infusion period, 
intrarenal pressure also rose in the normotensive group, 
however, to a considerably lesser degree than in the 
hypertensive group. They concluded from their study 
that although renal resistance may be increased, and 
renal blood flow decreased in essential hypertension, 
there is a greater pressure transmitted across the renal 
arterioles to the glomerular and peritubular capillaries, 
thus accounting for the natriuresis. The marked increase 
in the intrarenal pressure in the hypertensive individuals 
in Lowenstein’s study during the saline load may also 
apply to our study, and could account for the fact that 
natriuresis has not been a finding in previous studies of 
intracranial hypertension in which saline loading was 
not present. 

Our data would tend to indicate that these same 
factors may account for the changes seen in this study; 
the marked rise in the systemic blood pressure may have 
increased the intrarenal pressure and tubular reabsorp- 
tion of sodium by impeding the bulk flow of water from 
the tubules.’*.2° Since the filtration fraction increased, 
the peritubular oncotic pressure increased,}* but this 
force must have been less than the increase in hydrostatic 
pressure to account for the natriuresis. Although there is 
a direct correlation of the natriuresis with the MABP, 
we cannot exclude an exaggerated influence of a humoral 
sodium-losing factor released from or influenced by the 
CNS*17 or a redistribution of intrarenal blood flow to 
the shorter loops of Heg which might also promote 
natriuresis." 


° Summary 


The effect of intracranial hypertension on the renal 
response to a saline load was studied in 14 adult female 
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tion in one of the typical experimental animals (left) with a sham 
animal (right) during a period of intracranial hypertension. 
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Rhesus monkeys. It was found that during the study 
period there was a significant increase in fractional and 
total sodium excretion in association with an increase in 
the filtered sodium and a decrease in the RPF. Accom- 
panying the intracranial hypertension was a significant 
increase in the MABP which correlated directly. with 
the change in sodium excretion. It was felt that a possible 
explanation for the above findings was an increased 
intrarenal pressure that decreased tubular reabsorption 
of sodium by altering the peritubular capillary hydro- 
static forces. It was also felt that the increased intrarenal 
pressure was secondary to the increased MABP. Studies 
done in similar experimental models were cited and 
discussed in view of the above findings and theories. 
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Comparisons of Three Technics for Femoral-Popliteal Arterial 


ANTHONY M. 


LTHOUGH methods for restoring arterial continuity 
A were described early in the 20th century,?* ar- 
terial reconstruction for atherosclerotic occlusive disease 
received little attention in this country until the early 
reports of French workers such as Bazy,* dos Santas,° 
Fontain,® Huguier,!® Kunlin,!® Leriche,?® and Reboul”? 
described their clinical experiences between 1947 and 
1949. The basic technics of open and semiclosed en- 
darterectomy as well as vein substitution of occluded 
arteries by segments of reversed antologous veins were 
presented. It remained for Gross! and Voorhees?” to 
spur interest in arterial homografts and plastic prostheses 
respectively to supply the impetus to the many clinical 
trials which have been reported since. Numerous tech- 
nical refinements were described in the ensuing years, 
including the development of suitable arterial stripper,*”* 
introduction of the concept of composite reconstruction 
after endarterectomy,® as well as details of managing 
problems with vein bypasses;*:”* including in situ grafts. 
Plastic prostheses were refined.*§ Arterial homografts 
enjoyed a short-lived vogue” but were soon discarded 
because of high incidences of graft rupture when pre- 
pared by lyophilization. Vascular patterns to be dealt 
with to insure successful reconstruction were defined?® 
and provided great insight into the surgical manage- 
ment of patients. 
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Comparisons of different technics, however, were aiff. 
cult, in part because of non-comparability of patients, 
and in part because of possible variations in surgical 
technics among different groups or within the same 
series. It seems valid, however, to conclude that in the 
femoral popliteal area, reconstruction employing au- 
tologous tissues yielded the best immediate and late 
results.’ The series of 197 patients reported here has 
permitted comparisons by the life table methods!*® of 
three technics employed by a single operator within 
uniform indications for operation, criteria of operability, 
and extent of operation. Details of the approach are 
essential for evaluation as well as for making compari- 
sons, The technics reported are reversed autologous 
saphenous vein bypass, open long endarterectomy with 
vein roof patch and semiclosed stripper endarterectomy 
with multiple small vein roof patch closures of ateriot- 
omies. Reconstructions were usually performed of the 
entire superficial femoral artery as well as of the proxi- 
mal % to % of the popliteal artery. In two patients recon- 
structions were carried into the origins of the anterior 
tibial arteries, the tibio-peroneal trunk or proximal pos- 
terior tibial arteries. 


Selection of Patients 
1. Indications for Operation—Clinical 


Patients were selected for operation either for inter- 
mittent claudication, ischemic rest pain or gangrene. 
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Claudication was considered.a relative indication for 
operation. Those with this symptom alone who were 
able to walk at least 1 city block (300 feet) were usu- 
ally not accepted as surgical candidates unless this de- 
gree of disability interfered seriously with work or was 
absolutely intolerable. These were treated by cessation 
of smoking with institution of an active exercise pro- 
gram of walking at least 1 mile per day. Approximately 
50% of all candidates examined with palpable femora! 
pulses but non-palpable below in the symptomatic ex- 
tremities, were therefore, not initially considered to be 
surgical candidates and were not subjected to angi- 
ographic studies. Those with more disabling claudication 
who could not be induced to exercise vigorously were 
judged candidates for operation and so had angiographic 
studies prior to arterial reconstructions. 

Rest pain and gangrene with preservation of at least 
#% of the sole of the foot were considered absolute indi- 
cations for operation. Preoperative angiograms were 
obtained and evaluated for arterial reconstruction. 


2. Criteria of Operability—Radiographic 

Angiographic studies were performed in the surgical 
candidates only and consisted of abdominal aortography 
and bilateral lower extremity arteriography by the per- 
cutaneous passage of catheters through femoral punc- 
tures (Seldinger) under direct image intensification 
fluoroscopic control by using 35 to 60 cc. of 50% Hypaque 
injected with a Taveras injector at 75 to 225 pounds per 
square inch pressure with multiple sears made with 
a Franklin roll film charger at rates of % to 2 frames 
per second. Repeated injections with Ei performed 
at progressively lower levels were required to delineate 
the patterns of major vessel occlusions to at least the 
level of midcalf. In patients with ischemic skin changes, 
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Fic. 1. Endarterectomy instrument made from No. 20 stainless 
steel wire showing different loop sizes and flexibility. 
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additional injections were made, sometimes directly into 
the appropriate femoral artery to delineate the arterial 
patterns to the level of the pedal arches, 

The present series includes only patients who had 
their major reconstructible lesions between the inguinal 
ligaments and the origins of the anterior tibial or pos- 
terior tibial arteries below the knee joints, accessible 
through medial upper calf incisions.14 Those in whom 
more distal tibial arterial reconstructions were done as 
well, are part of another series. It does not include those 
who had major lesions in the aorto-iliac system with 
occluded superficial femoral arteries who usually had 
only aorto-iliac common femoral reconstructive pro- 
cedures with the profounda femoris artery as the major 
outflow tract!" Patients with femoral popliteal occlu- 
sions were classified on the basis of their angiographic 
studies as having good, fair or poor outflow tracts or 
inoperable, depending upon the radiographic appearance 
of the distal popliteal and tibial arteries. Good runoff 
signified that all major vessels below the knee were 
patent and stenotic lesions if present in these, narrowed 
the lumina less than 60% in transverse diameter. Fair 
runoff signified major stenotic lesions (60% or more) 
in the tibial arteries. 

Poor runoff signified occlusive lesions in the tibial 
arteries but there was no tibial artery in continuity from 
origin to the level of the malleoli with or without stenotic 
lesions. Patients were considered not suitable for femoral 
popliteal arterial reconstructions if there were no major 
tibial arteries patent below the knee in continuity with 
the popliteal or accessible through upper medial calf 
incisions. Some of these had femoral melleolar recon- 
structions but are not part of this series. 


3. Selection of Technic 


No formal randomization technic was employed. Vein 
bypass procedures were performed predominantly until 
the “Edwards procedure” was described in 1960.° It was 
then performed as the procedure of choice until 1965 
when it was determined that a modification of the 
Cannon wire loop stripper (Fig. 1) could be utilized 
even in diabetic patients to clear the long segment of 
the superficial femoral and upper popliteal arteries pro- 
vided that the adductor magnus tendon was severed 
at the adductor hiatus and the adductor magnus fascia 
which overlay the lower superficial femoral artery was 
cut. Since 1969, reversed autologous vein bypass is per- 
formed as the procedure of choice if the greater saphe- 
nous vein is 5 mm. or larger in diameter in the dilated 
state. If the vein is not suitable, endarterectomy pro- 
cedures are performed by the semiclosed technics. The 
Edwards procedure is now reserved for those in whom 
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Fic. 2. Open endarterectomy and long vein patch (Edward 
procedure}. 


neither procedure is possible usually because of previous 
operations. 


Operative Technics 
a. Open Endarterectomy 


Open endarterectomy procedures were performed by 
surgical exposure of the common femoral and proximal 
profunda femoris arteries, of the entire superficial femo- 
ral and popliteal arteries to the upper border of the 
medial head of the gastrocnemius muscle. A single long 
arteriotomy was made from the midportion of the 
common femoral artery to the mid third of the popliteal 
or lower if markedly stenosing plaques were encoun- 
tered. Endarterectomy of the entire segment was per- 
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Fic. 3. Semiclosed endarterectomy by wire loop endarterectomy 
stripper and multiple vein patches. Sites of most frequent arteriot- 
omies are shown. 
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Fic. 4. Femoro-popliteal vein bypass with and without angio- 
plastic vein patch. 


formed under direct vision. Usually the proximal and 
distal intimal flaps were sutured to eliminate ledges. 
Long autologous saphenous vein roof patches were then 
sutured over 16 or 18 F catheters (Fig. 2). Operative 
angiograms were then performed. Until 1968. heparini- 
zation was continued during the first week postopera- 
tively. Since then it has not been employed. 


b. Semiclosed Endarterectomy 


Surgical exposure of the vessels was similar to the 
procedure used for the open endarterectomies until 
1968. Thereafter, less extensive exposure was applied 
on the common femoral, the proximal profunda and 
proximal few inches of the superficial femoral arteries. 
The terminal portion of the superficial femoral artery was 
exposed and the tendinous part of the adductor mag- 
nus muscle was cut to facilitate passage of the arterial 
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QO Semi-closed 
A Open (Edwards) 


Years 


Fic. 5. Plot of cumulative survival and patency rates. The differ- 
ences in the graphs are not statistically significant. 
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TABLE 1. Comparability of Groups—Indications for Operation-197 
Patients 
Open 
Endarterectomy Semi-closed Vein Total 
(Edwards) Endarterectomy Bypass Series 
Claudication 47%(21) 49 %(55) 46%(18) 48%(94) 
Rest Pain 20%(9) 21%(24) 28%(11} 22%(44) 
Gangrene 33%(15) 30%(34) 26%(10) 30%(59) 
Total No. 45 113 39 197 


stripper through this segment of the superficial femoral 
where the plaque is particularly adherent. The popliteal] 
artery was exposed to the medial head of the gas- 
trocnemius muscle. Arteriotomies were made at the 
common and proximal superficial femoral arteries as 
well as at the distal popliteal. If atherosclerotic plaque 
narrowed the ostium of the profunda femoris artery 
greater than an estimated 60%, localized endarterectomy 
of the distal common and proximal superficial femoral 
arteries was performed. If the arterial stripper passed 
from the proximal superficial femoral met unusual re- 
sistance at the terminal portion of that vessel a third 
arteriotomy was made at that point unless the arterial 
stripper could be passed retrograde from the popliteal. 
The proximal and distal intimas were sutured. Various 
devices were passed through the segment of endarterec- 
tomy to clear retained debris, including catheters, Le 
Veen artery cleansers”! and Glassman brushes.’© Each 
of the arteriotomies was closed with autologous saphe- 
nous vein roof patches (Fig. 3). Operative angiograms 
were performed. 


c. Reversed Autologous Saphenous Vein Bypass 


Surgical expcsure was similar to that used for the 
semiclosed endarterectomy including cutting the adduc- 
tor magnus tendon. If atherosclerotic plaque narrowed 
the ostium of the profunda femoris artery it was man- 
aged as in the endarterectomy procedures, The reversed 
saphenous vein was fashioned as a roof patch for the 
common and proximal superficial femoral arteries. If 
thickening of the popliteal artery was encountered a 
vein roof patch was first fashioned and the distal por- 
tion of the vein bypass was sutured to an opening in 


TABLE 2. Comparability of Groups-—-Gradation of Runoff-197 
Patienis 
Semi-closed 
Open Endarterectomy Vein Total 
Endarterectomy (Edwards) Bypass Series 
Good 40%(18) 33 %(37) 33%(13) 34%(68) 
Fair 22%(10) 30%(34) 26%(10) 27%(53) 
Poor 38%(17) 37% (42) 41%(16) 38%(75) 
Totals 45 113 39 197 
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TABLE 3. Life Table Method—Cumulative Patency/ Survival 








Open 
Endarterectomy § Semi-closed 

(Edwards) Endarterectomy Vein Bypass 

0 97 .8%(45) 95.5%(113) 97.5%(39) ` 
—6 mos. 86%(41) 92%(101) 89% (38) 
-1 yr. 75%(30) 76%(91) 81%(34) 
-2 yrs. 65% (24) 69%(66) 74.%(24) 
-3 yrs. 57%(16) — 66%(49) 62%(17) 
-4 yrs. 469,(14) 59% (34) 40%( 6) 
-5 yrs. 36%( 5) 50%(16) © 40% 3) 
-6 yrs. 24%( 3) 50%( 7) 40%( 2) 
—7 yrs. 12%( 2) 34%( 4) 40%( 1) 





the popliteal roof patch (Fig. 4). Operative angiograms 
were then performed. 

When anastomotic irregularities or filling defects in 
endarterectomy segments were seen on the angiograms 
immediate exploration was performed. This usually re- 
vealed gray friable platelet fibrin thrombi at sites of 
intimal flaps, retained plaque or ledges of media. 
Mechnical defects which resulted in this type of fibrin 


formation were immediately corrected. 


Results 


The total group of 197 patients included 113 semi- 
closed endarterectomies, 45 open endarterectomies and 
39 reversed autologous saphenous vein bypass pro- 
cedures. The groups are comparable in terms of two 
major variables, namely, indications for operation and 
grading of outflow tracts. Nearly one half of all patients 
were operated upon for some degree of rest pain or 


- impending gangrene (Table 1). Nearly two thirds were 


operated upon with fair or poor outflow tracts (Table 2). 
The immediate patency rate and survival averaged 96.3% 
with no significant differences among the groups. No 
limb was lost as a result of acute failure in any patient 
operated upon for claudication. Cumulative patency and 
survival rates by the life table method shows no statis- 
tically significant differences among the groups (Table 
3, Fig. 5). In the 6th and 7th years, the apparently 
significant differences are multiplied by the small num- 
bers of patients in each group. When late failures were 


TABLE 4. Classification of Failures 


Failures Classtfied By: 
Clinical Status—197 pts.—Total Series 


Claudication 34% (32/94) 

Rest Pain 43% (19/44) 

Gangrene 37% (22/59) 

Runoff A 
Good 37% (25/68) 

Fair 32% (17/53) 

Poor 41% (31/75) _ 
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analyzed in terms of clinical status at time of operation 
and grading of runoff as exemplified in Table 4, there 
seemed to be no significant differences. l 

Many factors have been postulated to accoiint for 
failures of arterial reconstructions. Immediate failures, 
in our. experience, proven by immediate reoperation or 
by additional reconstruction after operative angiogra- 
phy were due usually to local. mechanical factors. At 
least 20% of the time, operative angiography has demon- 
strated a mechanical imperfection at one of the suture 
lines, a piece of retained debris within a reconstructed 
vessel or a plaque distal to the termination of a recon- 
struction which appeared to produce greater stenosis 


than was apparent on the preoperative angiogram. Re-. 


exploration, immediately performed, has confirmed the 
significance of these findings. There have almost in- 
_ variably been gray friable platelet fibrin thrombi forming 
at these sites. Correction of these has resulted in main- 
tenance of patency. On rare occasions the operative an- 
giogram revealed that there had been marked deteriora- 
tion of an outflow tract since the performance of the 
preoperative angiogram, which was not detected until 
after reconstruction and operative angiography has been 
performed. A serious trap has been a plaque sometimes 
found in relation to the tendon of the medial head of 
the gastrocnemius muscle which does not show well in 
the usually obtained angiograms in the. frontal plane. 
It was found to collect platelet fibrin thrombi on resto- 
ration .of flow. It is now looked for at operation, often 
by cutting the tendon of the medial head of the gas- 
trocnemius muscle. If found, it is included in the recon- 
struction. 

Late failures have not followed the expected pattern 
‘as shown by previous results. Approximately one third 
of the late failures have required reexploration because 
of return of symptoms with maintenance of patency of 
the outflow tracts. In these, the most common finding 
has been of marked intimal or neointimal proliferation 
in one or more segments of the arterial reconstruction of 
whatever type.1>16 One third of the failures have been 
associated with marked degeneration of the outflow 
tracts ascribed to progression of distal disease. One third 
of the late failures have had insufficient difficulties to 
warrant reoperation or even repeat angiographic studies 


and so cannot be fully interpreted as to mechanism of 
‘failure. 


Summary 


One hundred and ninety-seven patients had femoral 
popliteal arterial reconstructions performed between 
1960 and 1970. One hundred and thirteen had semi- 
closed endarterectomies, 45 open endarterectomies and 
39 autologous reversed saphenous vein bypass grafts. 
Comparisons of the three technics for indications for 
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operation, grading of outflow tracts by angiography, 
immediate failures and late cumulative patency/survival 
by the life table method, showed the results to be similar 
for all three procedures. The lack of correlation between 
clinical status and angiographic grading with long-term 
results was surprising. 
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Angiography in the Diagnosis and Management of 
Extrapancreatic Islet-Cell Tumors 


C. MALCOLM McKINNON,* BOLEK BRANT,** JOSEF ROSCH*** 


XTRAPANCREATIC location of a primary islet-cell tu- 

mor is neither common nor rare. Of 260 non-beta 
islet-cell tumors reported by Ellison and Wilson, eight 
were situated in the stomach or duodenum.’ Oberhel- 
man*® found 11 ulcerogenic tumors in the duodenum. 
In a review of 398 cases of beta islet-cell tumors, How- 
ard, Moss and Rhoads® found nine with ectopic loca- 
tions, mostly in close vicinity to the pancreatic bed. To 
date none of reported extrapancreatic islet-cell tumors 
has been demonstrated prior to operation. Even then 
it was not easy to locate the characteristically small tu- 
mor, and often multiple operations were required.®:8.9 


Angiography can help in this difficult clinical problem. 


Case Report 


A 56-year-old woman (#25-62-13) started to complain of 
epigastric pain in 1965. A duodenal ulcer which was found on 
X-ray perforated in June 1966, requiring surgical closure. Upper 
gastrointestinal bleeding in March, 1967, led to partial gastrec- 
tomy, Billroth II anastomosis and vagotomy. An active peptic 
ulcer was present in the resected duodenum. F ollowing operation 
she did well for about 1% years until December, 1968, when 
melena led to hospitalization without a definite diagnosis. Follow- 
ing this episode, she occasionally complained of nausea and 
epigastric pain. In March, 1970, recurrent bleeding was signaled 
by multiple tarry stools and a fall in hematocrit to 26%. After 
transfusion the bleeding stopped and the hemotocrit stabilized at 
34%, Clinical evaluation and laboratory tests were normal except 
for the gastric analysis, which demonstrated high acid values for 
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a patient with partial gastric resection and suggested the Zollinger- 
Ellison syndrome. A basal gastric secretion of 7.9 mEq/hr 
increased to 19.0 mEq/hr after 100 mg. of betazole stimulation. 
Upper GI examination showed prolapse of the gastric mucosa 
through the gastrojejunal anastomosis and gastroscopy revealed a 
5 mm. marginal ulcer in the gastric mucosa. 

Visceral angiography, with selective celiac, superior mesenteric 
and inferior pancreatico-duodenal injections, was done in search 
for an islet-cell tumor. The distal gastroduodenal artery had 
been amputated due to partial gastric resection, but one of its 
more proximal duodenal branches supplied a localized, 1 cm 
round vascular blush lying just medial to a well-defined gall- 
bladder (Fig. 1A). This blush, which reached its maximum 
density during the capillary phase (Fig. 1B), was believed to 
reflect an islet-cell tumor of extrapancreatic location, probably in 
the duodenal stump. The pancreas and gastric remnant exhibited 
diffuse hypervascularity but not evidence of neoplasm. 

At operation, a 1 by 1.2 cm. hard, intramural nodule was 
found in the anterior duodenal wall approximately 3 cm. below 
the duodenal closure. It was locally excised. There was no evi- 
dence of other tumor or metastatic disease, Microscopic exami- 
nation (70 S 1582, Dr. Dawson) showed a non-beta islet-cell 
tumor with lymphatic invasion in the lamina propria, suggesting 
a malignant potential. 

Recovery was uneventful and the patient has now been free of 
symptoms for 2 years. A follow-up gastric analysis demonstrated 
a pH of 7.5 and no titratable acidity; following 100 mg. of 
betazole stimulation, the acid output was 0.2 mEq/hr. 


Discussion 


Since Olsson’s description in 1963,10 arteriography has 
become a popular method in the search for islet-cel] 
tumors of the pancreas. Its preoperative ability to show 
the number, site and size of lesions and the secondary 
metastatic foci mainly in the liver, has been of great 
value in reaching therapeutic decisions and planning 
surgery *:4,7.42 Arteriography is of particular value in 


382 


identifying small tumors hidden in the substance of the 
pancreas or as in our case, in an ectopic site. Extrapan- 
creatic islet-cell tumors have been reported mainly in 
the stomach or duodenum.**** Ectopic pancreatic tis- 
sue, and therefore islet-cell tumors, however, can occur 
in structures even more distant from the pancreatic bed; 
e.g., in the ileum, Meckel’s diverticulum, omentum, or 
parenchymatous organs as the spleen and liver." 

The accuracy of arteriography in the diagnosis of 
islet-cell tumors depends mainly on the degree of tumor 
vascularization.2 A review of reported cases indicates 
that about two-thirds are highly vascular with a rich 
network of capillaries, dilated sinusoids, and even larger 
vessels.1 When benign, the tumor is revealed angio- 
graphically as a round, dense, well-bordered focus ap- 
pearing in the late arterial phase and persisting through- 
out the capillary phase. Malignant islet-cell tumors are 
more likely to be irregular in contour with unsharp 
borders, exhibit irregular tortuous vessels and may cause 
encasement or infiltration of surrounding vessels.''+:’ Me- 
tastases appearing mainly in the peripancreatic lymph 
nodes and liver have a similar appearance. If large 
enough, a relatively avascular tumor with degenertion, 
hyalinization and fibrosis can give itself away by dis- 
placing blood vessels in the surrounding pancreas or 
neighboring organs. 

Size and location are interrelated, important factors 
in the demonstration of islet-cell tumors. In the liver, 
hypervascular metastases as small as 4-5 mm. in size 
have been found.* In the pancreas or peripancreatic 
tissues, hypervascular tumors of 1 cm. in diameter are 





McKINNON, BRANT AND ROSCH 


Ann. Surg. * March 1973 


usually diagnosed. The use of gastric insufflation to 
differentiate gastric and duodenal vessels from pan- 
creatic vessels and photographic subtraction to aid in 
the visualization of pancreatic areas overlapped by the 
spine can be of substantial value." 

The technic of examination, particularly in the se- 
lectivity of injections, is a factor in diagnostic accuracy. 
Celiac and superior mesenteric injections are essential 
and in questionable cases should be complemented by 
injections directly into the pancreatic arteries. Selective 
dorsal pancreatic arteriography can give good vascular 
detail throughout the entire pancreas and has allowed 
us to diagnose avascular islet-cell tumors of 1% to 2 cm. 
in diameter. The pancreatic head is best visualized by 
means of selective gastroduodenal, or inferior pancre- 
aticoduodenal artery injections, while splenic arteriog- 
raphy is helpful in visualizing the tail of the pancreas. 

Islet-cell tumors must be differentiated from other 
hypervascular structures or tumors. Contracted duodenal 
or gastric mucosa can simulate a tumor, but may easily 
be differentiated by stomach insufflation. Pancreatic 
hemangiomas usually contain vascular lakes; a cystade- 
noma is usually large and its blush not homogenous 
with circular defects. An aberrant spleen or an enlarged 
hypervascular lymph node can closely resemble a small, 
hypervascular islet-cell tumor.® 


Summary 


A small, extrapancreatic islet-cell tumor was found 
in the duodenum by angiography in a patient with 
Zollinger-Ellison syndrome and two previous operations. 


Fic. 1A, B. Close-up 
view of celiac arteriog- 
raphy. A. Arterial phase 
shows a small, round vas- 
cular blush ( arrowheads ) 
supplied by a duodenal 
branch. B. Capillary 
phase reveals increased 
density of the vascular 
blush (arrowheads). 
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Following local excision, symptoms disappeared com- 
pletely and there has been no recurrence (2-year follow- 
up). The role of angiography and its accuracy in the 
diagnosis of islet-cell tumors is discussed. 
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Fditorial 


Is the Concept of Proctosigmoidoscopic Examinations in Asymptomatic Individuals 


ONSIDERABLE EVIDENCE has been accumulated in re- 
C cent years to question the value of routine procto- 
sigmoidoscopic examinations in asymptomatic patients. 
The principal reasons in the past for performing such 
examinations under such conditions have been to dis- 
cover and remove adenomatous polyps and to discover 
frankly invasive carcinoma in its incipient stage. While 
the old concept that most if not all carcinomas of the 
large intestine arise in adenomatous polyps and that most 
if not all such polyps ultimately become malignant has 
been disproven, evidence seems to be conclusive that this 
does occasionally occur; often enough, we believe, to 
justify proctosigmoidoscopic examination as a part of a 
routine physical examination in individuals in their fourth 
decade of life or beyond. 

In over 21,000 such examinations at the Straub Clinic, 
the vast majority being done in asymptomatic individuals, 
7.5% were found to have adenomatous polyps and only 
6.2% of these were thought to show evidence of malig- 
nancy. These examinations revealed ten villous adenomas, 
none considered to be malignant after removal. Only 
four invasive carcinomas not producing symptoms were 
found. Extensive review of current literature reveals 
similar findings in the hands of most others. 

The principal deterring factor in continuing to advise 
such examinations in asymptomatic individuals would 
then seem to be the time expended by the physician and 
the cost to the individual being examined. In order to 
help offset these disadvantages we have enlisted the aid 
of trained proctosigmoidoscopic technicians. To date we 
have trained two such individuals, It has been our ex- 





Dr. Joseph Strode died 8-13-72 after the editorial had been 
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by a Trained Technician Justifiable? 


perience that intelligent individuals interested in be- 
coming proficient in such examinations can be taught 
the technic and be able to recognize what is normal 
and what is abnormal in the area to be examined. Before 
allowing these technicians to proceed on their own, they 
were required to observe or be supervised in approxi- 
mately 500 such examinations. In addition, they were 
required to study a number of articles dealing with the 
technic and pathologic findings and to examine a num- 
ber of lesions removed surgically. Such examinations are 
limited to asymptomatic individuals, instruments are not 
longer than 25 cm. and of course no treatment is carried 
out by them. 

It is our conclusion that such technicians doing hun- 
dreds and even thousands of proctosigmoidoscopic ex- 
aminations master the technic and are more proficient 
in recognizing abnormalities than is the physician who 
only occasionally performs such examinations. 

We have been highly pleased with the performance 
of our technicians. So far as we have been able to deter- 
mine, no abnormalities have been overlooked, no com- 
plications have occurred and no patient has objected to 
being examined by them. In fact a number after being 
examined by both physicians and technicians have re- 
quested the services of the latter because of their having 
perfected their technic to the point of producing a mini- 
mum of discomfort. 

Any clinic faced with the problem of routine procto- 
scopic examinations in a significant number of individuals 
would do well to enlist the services of a properly trained 
technician. It will result in conserving the time of the 
overworked physician, reduce the cost to the individual 
being examined and will maintain, if not increase, the 


efficiency of such examinations. 
J; E. STRODE, M.D. 
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Eden Prairie, Minnesota 55343 


when viscid mucus threatens your pre- or postoperative patient... 


he deserves more than saline... 





MucoM YƏTİ 


ACEIYLCYSTEINE 


ecisively surpasses saline 
ir liquefying thickened mucus’: 


Mucomyst has sharply reduced the incidence of postoperative 
atelectasis* and other pulmonary complications including pneumonia.°* 








@ Helps maintain open airways dur- 
ing anesthesia... helps overcome 
difficulties in tracheostomy care... 
facilitates aspiration of the tracheo- 
bronchial tree.*® 


@ Collapses ropy mucoprotein by 
chemically breaking the disulfide 
linkages without formation of poten- 
tially sensitizing polypeptides. 


Acts without irritating mucous 
membranes...mucolytic action is safe, 
rapid and persisting. 


Mucomyst liquefies and loosens 
both purulent and nonpurulent secre- 
tions effectively. 





Indications: Mucomyst has been demonstrated to be clinically effective as adjuvant therapy in a wide range of conditions in which 
thick, viscous mucus is a problem, including: postoperative atelectasis and pneumonia; chronic bronchopulmonary disease (emphy- 


patients with bronchospasm are quickly relieved by the use of a bronchodilator given y nebulization. Administration & Dosage: 
Mucomyst may be administered by nebulization into a tent, Croupette, face mask, or mout i insti i 
should not be placed directly into the chamber of a heated (hot pot) nebulizer, Complete details on dosage, administration, and 


Johnson Laboratories. Supplied: Mucomyst®-10 (acety/cysteine) a sterile 10% solution in vials of 10 ml. 
and 30 ml.; Mucomyst® (acety/cysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. References: 
1. Hurst, G. A., et al.: Amer. Rev. Resp. Dis. 96:962, 1967. 2. Hirsch, S. R., et al.: Amer. Rev. Resp. Dis. ‘4 | | | 
94:784, 1966. 3. Hirsch, S. R., and Kory, R. C.: J. Allerg. 39:265, 1967. 4. Thomas, P. A., et al.: Amer. Surg. 

32:301, 1966. 5. Webb, W. R., and Degerli, |. U.: Clin. Med. 71:1531, 1964. 6. Webb, W. R.: Postgrad. Med. LABORATORIE S 


© 1971 MEAD JOHNSON & COMPANY © EVANSVILLE, INDIANA 47721 U.S.A. 180371 





~Warren-Teed Introduces 
a New Multi-Use 
Nutritional Support 
System 


_ & Unique, palatable, low 
“D residue food that provides 
'! total nutritional 
management of patients 
who cannot ingest, digest, 
chew or readily assimilate 
ordinary foods. 


The first in a new class of 
superiornutritional specialties 
from Warren-Teed. 


Low Residue Fully absorbed in the upper 
gastrointestinal tract... making it especially 
useful for nutritional support of pre- and 
post-op patients and in many G.I. situations 
where nutritional needs cannot be met 


by solid foods. 


Nutritionally Complete Meets all known 
requirements for adult nutrition. Includes 
vitamins, minerals, simple carbohydrates, 
essential fat plus a distribution of essential 
and non-essential amino acids approximating 
that of whole egg, a protein of highest 
biological quality. 

_ Hearty “Real Food” Flavors The best food 

» flavoring that modern technology can 
provide. WT Low Residue Food is available 
in three palatable flavors — beef bouillon, 
chicken broth, and tomato. 

Lower Cost Provides savings for hospital and 
patient over comparable low residue regimens. 


n a TRED 
MARDA EUTICALS INCORPORATED 
SUSSIDIARY OF RONM AND HAAS COMPANY 
COC uNMBuUS, OW O 333215 
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How can a busy 
surgeon continue 
his education? 


i\CS/Clinitapes 


the professional way to 
stay informed. 


uestione 





Answere 


NES/Clinita 


S 








ACS SPRING MEETING — NEW YORK, 
APRIL, 1973 — these following sessions and 
courses will be recorded and available as ACS 
Clinitapes. Order by numbers*. Allow for six 
week delivery after meeting in April. 





Here is a simple inexpensive way to develop a pro- 
gram of continuing education in General Surgery and 
all the surgical specialties. Listen and learn — as you 
drive, at lunch, between appointments. 






































Order 
Number General Sessions Select cassette recordings according to your in- 
$73-GS1 SURGICAL INFECTIONS (Symposium) — Wil- . 
: liam A, Altemier, M.D.. r a i terests of Panels, Symposiums and Post-graduate 
—$13.00 (2 cassettes) . . 
$73-GS2 CANCER OF THE SALIVERY GLANDS (Panel) courses to be presented at the ACS Spring Meeting 
ahn 1 Comey, MD., PACS — Pitts in New York. Order now so that you'll be sure to have 
Ee Ee eet ven HEMORRHAGE this information when you need it. See titles to the 
—Detroit—$6.50 (1 cassette) left. j j 
saasa HEPATITIS AND THE GENERAL SURGEON (Lec “i A bade ae Satisfaction guaranteed 
ture) — Sheila Sherlock, M.D., M my : P i 
FRCS (Eng., Edin), FACP (Edin) — London, y y 
Eng. — $6.50 (1 cassette) s 
875.685 HAND INJURIES (Panel) — J. William Wittst. Get a FREE album by ordering 3 cassettes or more. 
.D., F.A.C.S. — New York — $6. cas- PAR Á 
sette) AIl ACS/Clinita 
$73-GS6 CORONARY ARTERY DISEASES (Panel)—Frank / pes Postgraduate courses come with 
Cole Spencer, M.D., F.A.C.S.—New York— album. 
$19.50 (3 cassettes) 
$73-GS7 HEMORRHAGE AND THROMBOSIS, IN, 41973 : 
—Edwin W. , M.D., F.A.C.S. 
Memen e Stay informed with ACS/ CLINITAPES. 
$73-GS8 RESPIRATORY INSUFFICIENCY (Panel) Thomas 
F. Nealon, Jr., M.D., F.A.C.S.—New York— 
$6.50 (1 cassette) R a a ie ee 
$73-GS9 GRANULOMATOUS DISEASE OF THE INTESTINE {i hi 
(Lecture) John Cedric Goligher, Ch M, FRCS 4 Saxe z i 
$73-GS10 E nee | ae i TO: IN = /Clinitapes 55 East Erie Street Chicago, Illinois 60611 i 
MD, F.A.C.S.—Kansas City,—$13.00 (2 cas- 
settes) ii Please send me the ACS/Clinitapes checked below. It is my understanding that if i 
p | am not perfectly satisfied | may return the ACS/Clinitapes and my money will be I 
POSTGRADUATE COURSES (9 Cassettes each) i refunded. i 
$73-PG1 “et har te le Dna Pearn, Jr., q ———— = 5 i —_— A 
M.D., F.A.C.S.—New York gs. O $73-GS1 73-GS6 [O S73-PG1 S73-PG6 
$73-PG2 SHOCK, Chairman: Arthur E. Baue, M.D., i O $73-GS Os o 0 ï 
F.A.C.S.—St. Louis—$45.00 i CO $73-GS2 O $73-GS7 O $73-PG2 O $73-PG7 i 
$73-PG3 GASTROINTESTINAL SURGERY, Chairman: ; 
Lloyd M. Nyhus, M.D., F.A.C.S.—Chicago— i O $73-GS3 O $73-GS8 O $73-PG3 O $73-PG8 i 
$45.00 ’ 
S73-PG4 PEDIATRIC SURGERY, Chairman: J. Alex i O S73-G84 O §73-GS9_ O $73-PG4 |O l 
SaS O0 Jr., M.D., F.A.C.S. — Baltimore — i O $73-GS5 + $73-GS10 [O $73-PG5 | O Check Enclosed l 
$73-PG5 FLUIDS AND ELECTROLYTES, Chairman: y id 
Lloyd D. MacLean, M.D., FRCS (c) F.A.C.S.— r 1 
Montreal—$45.00 Doctor__ 
$73-PG6 TRAUMA, Chairman: G. Thomas Shires, M.D., i \ 
F.A.C.S.—Dallas—$45.00 i 
S73-PG7 PERIPHERAL VASCULAR DISEASE, Chairman: i Street Address 
Edwin J. Sylie, M.D., F.A.C.S.—San Francisco fi 4 
—$45.00 City ; — State. Zip p 
$73-PG8 ENDOCRINE SURGERY, Chairman; Richard H. li 
gdahl, M.D., F.A.C.S., Boston—$45.00 fi ; I 
Signed. p nn 
*Outsi $; .00 for shippi d 
EPA iio Sans SON FROD IA eee ae q O Send ACS Clinitapes titles and prices, 1972 Clinical Congress 
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important 
in the 
hospital 


just 
as useful 
in the 


office 





Wide usage in the hospital 

Its wide usage in the hospital qualifies 
Keflex as a dependable oral antibiotic 
for use in the office. 


Effective in an important range of 


infections 

Keflex is appropriate in a variety of 
infections that are treated in office 
practice: 

Respiratory infections such as 
bronchitis, pneumonia, and 
bronchopneumonia due to susceptible 
strains of Diplococcus pneumoniae 

Urinary tract infections caused by 
susceptible strains of Escherichia coli, 
Proteus mirabilis, or Klebsiella sp. 

Skin and soft-tissue infections due to 
susceptible strains of staphylococci, 
including coagulase-positive, coagulase- 
negative, and penicillinase-producing 
strains 


High blood levels, bactericidal 
activity in vitro 

With Keflex, peak serum levels are 
reached in one hour. For example, 
following a single 500-mg. dose, average 
peak serum levels are approximately 

18 mcg. per ml. 

In addition, in-vitro studies 
demonstrate that the cephalosporins 
exhibit bactericidal activity (by 
inhibition of cell-wall synthesis) against 
susceptible organisms. (The in-vivo 
mechanism cannot be determined, of 
course, because no method exists for 
clinical demonstration.) 


Acid stable, rapidly absorbed 
Because Keflex is acid stable, it may be 
given without regard to meals. 
Furthermore, it is rapidly absorbed after 
oral administration. 


A good choice in the office 

There are a host of reasons for 
prescribing Keflex with confidence in the 
office. That's why it is so often a good 
first choice when indicated. 


Note: Keflex is contraindicated in 
patients with known allergy to 
cephalosporins and should be used with 
great caution in patients allergic to 
penicillin. The most frequent side-effects 
are gastro-intestinal. 





Prescribing Information 

Description: Keflex is a semisynthetic cephalo- 
sporin antibiotic intended for oral administration. 
It is 7-(D-a-amino-a-phenylacetamido)-3-methy]- 
3-cephem-4-carboxylic acid, monohydrate. 
Actions: Human Pharmacology—Keflex is acid 
stable and may be given without regard to meals. 
It is rapidly absorbed after oral administration. 
Following doses of 250 and 500 mg., average peak 
serum levels of approximately 9 and 18 mcg. per 
ml. respectively were obtained at one hour. Meas- 
urable levels were present six hours after admin- 
istration. Over 90 percent of the drug is excreted 
unchanged in the urine within eight hours. Peak 
urine concentrations are approximately 1,000 mcg. 
per ml. during this period following a 250-mg. 
dose. 

Microbiology—In-vitro tests demonstrate that 
the cephalosporins are bactericidal because of 
their inhibition of cell-wall synthesis. Keflex is 
active against the following organisms in vitro: 

Beta-hemolytic streptococci/Staphylococci, in- 

cluding coagulase-positive, coagulase-negative, 

and penicillinase-producing strains/Diplococcus 
pneumoniae/ Escherichia coli/Proteus mirabilis/ 

Klebsiella sp. 

Note—Most strains of enterococci (Streptococ- 
cus faecalis) and a few strains of staphylococci are 
resistant to Keflex. It is not active against most 
strains of Enterobacter sp., Pr. morganii, and Pr. 
vulgaris. It has no activity against Pseudomonas 
or Herellea species. When tested by in-vitro 
methods, staphylococci exhibit cross-resistance 
between Keflex and methicillin-type antibiotics. 
Indications: Keflex is indicated for the treatment 
of the following infections when caused by suscep- 
tible strains of the designated micro-organisms: 

Respiratory tract infections caused by D. pneu- 

moniae and group A beta-hemolytic strepto- 
cocci (Penicillin is the usual drug of choice in 
the treatment and prevention of streptococcal 
infections, including the prophylaxis of rheu- 
matic fever. Keflex is generally effective in the 
eradication of streptococci from the naso- 
pharynx; however, substantial data establish- 
ing the efficacy of Keflex in the subsequent 
prevention of rheumatic fever are not avail- 
able at present.) 

Skin and soft-tissue infections caused by 

staphylococci and/or streptococci 

Genito-urinary tract infections, including acute 

prostatitis, caused by Esch. coli, Pr. mirabilis, 
and Klebsiella sp. 

Note —Culture and susceptibility tests should be 

initiated prior to and during therapy. Renal func- 
tion studies should be performed when indicated. 
Contraindication: Keflex is contraindicated in 
patients with known allergy to the cephalosporin 
group of antibiotics. 
Warnings: IN PENICILLIN-ALLERGIC PATIENTS, 
CEPHALOSPORIN C DERIVATIVES SHOULD BE USED 
WITH GREAT CAUTION. THERE IS CLINICAL AND 
LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS, AND THERE ARE INSTANCES 
OF PATIENTS WHO HAVE HAD REACTIONS TO 
BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS 
AFTER PARENTERAL USE). 

Any patient who has demonstrated some form 
of allergy, particularly to drugs, should receive 
antibiotics cautiously and then only when abso- 
lutely necessary. No exception should be made 
with regard to Keflex. 


®) 
Keflex =. 
Pulvules® 





Cephalexin monohydrate 


Usage in Pregnancy —Safety of this product for 
use during pregnancy has not been established. 
Precautions: Patients should be followed carefully 
so that any side-effects or unusual manifestations 
of drug idiosyncrasy may be detected. If an allergic 
reaction to Keflex occurs, the drug should be dis- 
continued and the patient treated with the usual 
agents (e.g., epinephrine, antihistamines, pressor 
amines, or corticosteroids). 

Prolonged use of Keflex may result in the over- 
growth of nonsusceptible organisms. Careful ob- 
servation of the patient is essential. If superinfec- 
tion occurs during therapy, appropriate measures 
should be taken. 

Positive direct Coombs tests have been reported 
during treatment with the cephalosporin anti- 
biotics. In hematologic studies or in transfusion 
cross-matching procedures when antiglobulin 
tests are performed on the minor side or in 
Coombs testing of newborns whose mothers have 
received cephalosporin antibiotics before parturi- 
tion, it should be recognized that a positive 
Coombs test may be due to the drug. 

Keflex should be administered with caution in 
the presence of markedly impaired renal function. 
Under such conditions, careful clinical observation 
and laboratory studies should be made because 
safe dosage may be lower than that usually recom- 
mended. 

Indicated surgical procedures should be per- 
formed in conjunction with antibiotic therapy. 

As a result of administration of Keflex, a false- 

positive reaction for glucose in the urine may 
occur. This has been observed with Benedict's and 
Fehling’s solutions and also with Clinitest“ tablets 
but not with Tes-Tape (urine sugar analysis 
paper, Lilly). 
Adverse Reactions: Gastro-/ntestinal—The most 
frequent side-effect has been diarrhea. It was very 
rarely severe enough to warrant cessation of ther- 
apy. Nausea, vomiting, dyspepsia, and abdominal 
pain have also occurred. 

Hypersensitivity — Allergies (in the form of rash, 
urticaria, and angioedema) have been observed. 
These reactions usually subsided upon discontinu- 
ation of the drug. 

Other reactions have included genital and anal 
pruritus, genital moniliasis, vaginitis and vaginal 
discharge, dizziness, fatigue, and headache. Eosin- 
ophilia, neutropenia, and slight elevations in 
SGOT and SGPT have been reported. 
Administration and Dosage: Keflex is adminis- 
tered orally. The adult dosage ranges from 1 to 4 
Gm. daily in divided doses. The usual adult dose 
is 250 mg. every six hours. For more severe infec- 
tions or those caused by less susceptible organ- 
isms, larger doses may be needed. If daily doses of 
Keflex greater than 4 Gm. are required, parenteral 
cephalosporins, in appropriate doses, should be 
considered. 

The recommended daily dosage for children is 
25 to 50 mg. per Kg. divided into four doses. 

In severe infections, the dosage may be doubled. 

In the treatment of beta-hemolytic streptococcal 
infections, a therapeutic dosage of Keflex should 
be administered for at least ten days. 

How Supplied: Pulvules” Keflex® (cephalexin 
monohydrate, Lilly), equivalent to 250 or 500 mg. 
cephalexin, in bottles of 24 and 100 and in Identi- 
Dose” (unit dose medication, Lilly) in boxes of 100. 

Keflex, for Oral Suspension, equivalent to 125 
mg. cephalexin per 5-ml. teaspoonful, in 60 and 
100-ml.-size packages and in Identi-Dose in pack- 
ages of 100. 

Keflex, for Pediatric Drops, equivalent to 100 
mg. cephalexin per ml. (5 mg. per drop), in 10-ml.- 
size packages, with dropper calibrated at 25 and 
50 mg. 
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so often a good first choice 


Additional information available to the profession on request. 


Lilly 


Eli Lilly and Company e Indianapolis, Indiana 46206 
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When parenteral analgesia 
is no longer required, 
Empirin Compound with 
Codeine usually provides the 
relief needed. 


HERE Sutures 






Empirin Compound with 
Codeine is effective for 
visceral as well as soft tissue 
pain—provides an antitussive 
bonus in addition to its 
prompt, predictable 
analgesia. 


ill prescribing convenience: 
up to 5 refills in6months, 
at your discretion (unless 
restricted by state law); by 


telephone order in many states. 


Empirin Compound with 
Codeine No. 3, codeine 
phosphate* 32.4 mg. (gr. ¥2); 
No. 4, codeine phosphate* 
64.8 mg. (gr. 1).*Warning — 
may be habit-forming. Each 
tablet also contains: aspirin 
gr. 3⁄2, phenacetin gr. 22, 
caffeine gr. ¥. 


heat Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome / North Carolina 27709 


Healing nicely, 
but it still 





- @ CODEINE 


#3, codeine phosphate* (32.4 mg.) gr. 2 
#4, codeine phosphate* (64.8 mg.) gr. 1 
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The controversial 


adenoma 


One of the most common 
lesions of the GI tract. Often 
asymptomatic. Often an 
indication of the presence 
and/or development of more 
polyps. It has a much- 
debated relationship to 
colonic cancer. Some think 
it actually degenerates into a 
carcinoma. Some think not. 
When polyps are present in 
the distal colon, the best way 
to find them is through con- 
ventional sigmoidoscopic 
examination. And, be they 
benign or malignant, the best 
therapy is removal. 


Many surgical procedures 
can contribute to temporary 
postoperative constipation. 
To help return bowel function 
to normal as quickly and as 
gently as possible, consider 
FLEET ENEMA for postopera- 
tive constipation relief. 

@ Works rapidly, usually 
within 2 to 5 minutes 


E Cleanses the leftcolon and 
rectum; spares upper por- 
tions of the GI tract 

E Ready to use, easy to use, 
completely disposable 

E Unique construction regu- 
lates flow; prevents leakage 
and reflux 

E Anatomically correct, 
prelubricated rectal tip 
helps avoid injury to bowel 
wall 


Fleet Enema 


Fast, effective relief of 
postoperative constipation 


Contraindications: Do not use 
when nausea, vomiting, or ab- 
dominal pain is present. Warn- 
ings: Frequent or prolonged use 
of enemas may result in de- 
pendence. Take only when 
needed or when prescribed by 
a physician. Precautions: Do not 
administer to children under 
two years of age unless directed 
by a physician. 

FREE BOOKLET. A supply of a 
patient booklet, Protecting 
Yourself with a “Procto” Exami- 
nation, is available, free of 
charge, on request to C. B. 
FLEET CO., INC., P. O. Box 
1100, Lynchburg, Va. 24505. 
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antiseptic: IPren i acd 
sudsing ” pert vh Microbicidal power 
A microbe manit m pa“ of BETADINE Surgical Scrub was 
operatie and for sen oN used in APOLLO 11/12/14 splashdowns 





Golden microbicidal lather for 
optimal degerming of skin 


Selected by NASA for decontamination procedures in Apollo 11/12/14 lunar missions splashdowns, 
BETADINE Surgical Scrub offers outstanding advantages for degerming the hands of the surgical team. 


Some scrubs are merely bacteriostatic. BETADINE Surgical Scrub is decisively microbicidal. 


Some scrubs inhibit mainly gram-positive bacteria. BETADINE Surgical Scrub kills both gram-positive 
and gram-negative bacteria. 


Some scrubs have a limited antibacterial action. BETADINE Surgical Scrub kills bacteria, fungi, 
viruses, protozoa, and yeasts. 


Some scrubs require repeated usage for several days before achieving their full antibacterial effect. 
BETADINE Surgical Scrub is fully effective with each application. 


Use BETADINE Surgical Scrub for prompt, effective degerming action for operating personnel. 
BETADINE Surgical Scrub is virtually nonirritating. In the rare instance of local irritation or sensitivity, 
discontinue use in the individual. BETADINE Surgical Scrub does not stain the skin and natural 

fabrics. Bibliography available on request. 


Purdue Frederick 
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‘a New Multi-Use 
Nutritional Support 
System 


$ Unique, palatable, low 
-T residue food that provides 
‘total nutritional 
‘* management of patients 
who cannot ingest, digest, 
chew or readily assimilate 
ordinary foods. 


New 

WT Low 
Residue 
Food 


The first in a new class of 
superiornutritional specialties 
from Warren-Teed. 


Low Residue Fully absorbed in the upper 
gastrointestinal tract... making it especially 
useful for nutritional support of pre- and 
post-op patients and in many G.I. situations 
where nutritional needs cannot be met 

by solid foods. 


Nutritionally Complete Meets all known 
requirements for adult nutrition. Includes 
vitamins, minerals, simple carbohydrates, 
essential fat plus a distribution of essential 
and non-essential amino acids approximating 
that of whole egg, a protein of highest 
biological quality. 

- Hearty “Real Food” Flavors The best food 

_ flavoring that modern technology can 
provide. WT” Low Residue Food is available 
in three palatable flavors — beef bouillon, 
chicken broth, and tomato. 


Lower Cost Provides savings for hospital and 
patient over comparable low residue regimens. 


PHARMACEUTICALS INCORPORATED 
SUSSIDIARY OF ROHM AND HAAS COMPANY 
COLUMBUS, OHIO 43215 


_, WARREN-TEED Â 
















irst line 
F of defense 
f against 
f topical 
' Infections 


Betadine 
Ointment 


BETADINE Ointment is decisively microbicidal. 
it kills all five major classes of pathogens: 
both gram-positive and gram-negative 

bacteria (including antibiotic-resistant 
strains), fungi, viruses, yeasts and protozoa. 
And its microbicidal activity is maintained in 
the presence of blood, pus, serum and 
necrotic tissue. 
BETADINE Ointment (povidone-iodine) 
contains no hexachlorophene and is virtually 
nonirritating. It’s not greasy or sticky, and 
easily washes off skin or natural fabrics. The 
application site can be bandaged. 
Supplied in Ys-oz. pouchettes, 1-02. tubes and 


16-02. (1 |b.) jars. 
Purdue Frederick 
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Serious enough for FURACIN 


nitroturazone 


Furacin belongs on every emergency care | i FORMULA: Contains Furacin (nitrofurazone) 0.2% in Solubase 
- : . Je (a water-soluble base of polyethylene glycols 4000, 1000 and 300). 

team. Furacin encourages infection-free 3 SENSITIZATION: Sensitization to Furacin is rarely seen in burns 
. : s i i š 5 ds ical practice, the reported incidence not exceeding 0.5%. 
healing, is nonmacerating, nonirritating, a nde 23 Bes 








R 


The reported overall incidence of sensitization is low, about 1.1% 


. ` , including those reactions which occur when treating chronic sta 
nontoxic to tissue. Furacin seldom 


ulcers, notoriously sensitive to many agents. In these cases, sensi- 
ee tization is minimized by protecting surrounding intact skin with a 
sensitizes, and development of ie bland ointment. To minimize any adverse effect restrict application 
ae where possible to 5 to 7 days, and remove medication by irriga 
resistant strains is unlikely tion at first sign of irritation. Furacin nitrofurazone) does 
: not replace surgical procedures when these are indicated; 

however it is a useful adjunct. 


cleanwoundinsurance” ~ x. 
in burns, lacerations, 
skin grafts 
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Division of Morton-Norwich Products, Inc. 
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Start oral DILAUDID (hydromorphone) 
2 to 4 mg. every four hours... to 
alleviate moderate to severe pain... 
well tolerated ... minimal sedation 


CONTRAINDICATIONS: Intracranial lesions associated with increased intracranial 
pressure, status asthmaticus. WARNINGS: May be habit forming. If given intravenously, 
injection should be given very slowly. PRECAUTIONS: Usual precautions for admini- 
stration of opiate analgesics should be observed; the possibility of respiratory 
depression should be kept in mind. If significant respiratory depression should occur, 
it may be antagonized by the use of nalorphine hydrochloride or levallorphan tartrate. 
“ans ADVERSE REACTIONS: Nausea, vomiting, dizziness, somnolence, anorexia and consti- 
p AL pation may occur. Rapid intravenous injection increases the possibility of hypotension 
= and respiratory depression. HOW SUPPLIED: Tablets —1 mg., 2 mg., 3 mg., 4 mg. 
Rectal Suppositories — 3 mg. in cocoa butter base. Ampules — 1 ml., 1 mg., 2 mg., 
3 mg., and 4 mg. per mi. with 0.2% sodium citrate, 0.2% citric acid solution. Cough 
Syrup — 1 mg. Dilaudid hydrochloride and 100 mg. glyceryl guaiacolate per 5 mi. 


A Schedule II (@) narcotic. Requires Federal BND order form. 


Dilaudid 


(hydromorphone) 





KNOLL PHARMACEUTICAL COMPANY . WHIPPANY, NEW JERSEY 07981 
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Notice to Contributors and Subscribers 


The ANNALS oF SuRGERY considers for publica- 
_ tion original articles only, papers which offer sig- 
nificant contributions to the advancement of sur- 


gical knowledge. 


CONTRIBUTIONS. Original typed manuscripts 
and illustrations, plus three copies and 3 sets of 
illustrations, exchanges and book reviews should 
be forwarded prepaid, at the author's risk, to the 
Chairman of the Editorial Board of the ANNALS 
OF SURGERY: 


Jonathan E. Rhoads, M.D. 
1000 Ravdin Institute, 3400 Spruce St. 
Philadelphia, Pa. 19104 


Manuscripts, as well as list of references, should 
be typed double spaced on one side of the paper, 
leaving wide margins. While every effort will be 
made to guard against loss, it is advised that au- 
thors retain copies of manuscripts submitted. The 
complete address for reprint requests should be 
included in the title page. All pages should be 


numbered. 


Digits one to ten should be spelled out, ex- 
cept when used for units of measurement (time, 
weight, volume, dosage, degrees) percentage, or 
when decimals are involved; for numbers above 
ten, numerals should be used. Dorland’s Medical 
Dictionary and Websters International Diction- 
ary may be used as standard references. Scientific 
names for drugs should be used when possible. 
Copyright or trade names of drugs should be cap- 
italized. Units of measurement, e.g., dosage, 
should be expressed in the metric system. Tem- 
perature should be expressed in degrees centi- 
grade. Contributions in a foreign language, when 
accepted, will be translated and published in 
English. 


Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon the 
number supplied. Colored illustrations will be 
published at the authors expense. Black and 
white photographs should be in the form of glossy 
prints. Line and wash drawings should be black 
on white paper, with lettering in black india ink, 
large enough to be readable after necessary re- 


duction. Large or bulky illustrations should be ac- 
companied by smaller glossy reproductions of the 
same, to facilitate their circulation among the re- 
viewing members of the editorial board. Ilustra- 
tions should be numbered, the tops indicated, and 
the authors name and the title of the article in 
brief appear on the back. A separate typewritten 
sheet of legends for the illustrations should be 
supplied. 


A bibliography of numbered references in al- 
phabetical order should appear at the end of the 
manuscript with corresponding numbering in the 
text. Bibliographies should conform to the style 
of the Index Medicus with the exception that the 
last page number should be omitted, viz: author's 
name, title of article, name of journal, volume 
number, first page number, and year of publica- 
tion in the order named. 


PUBLISHER’S NOTICES 


CHANGE oF ApprEss: Please allow 60 days be- 
fore date of issue for change of address. Notifica- 
tion should include the old as well as the new 
address, with indication of whether the change is 
temporary or permanent. Please give the name of 
the journal. 


Copies will not be replaced without charge 
unless we receive a request within 60 days of the 
mailing in the U. S. or within 90 days in all other 
countries. 


Business Appress: Subscriptions, reprints, ad- 
vertising, and all business communications should 
be addressed to: 


ANNALS OF SURGERY 
J. B. Lippincott Co. 
East Washington Square 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates $20.00 
per year in the U. S., its possessions and Canada. 
All other countries $23.00. All prices include post- 
age. Single issues $3.00. Rate for Residents, U. S. 
only, $14.00. 


The publishers accept no responsibility for - 
opinions expressed by contributors. 
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support hosiery 
looks funny 





for some 


very serious 
reasons. 


Compare Parke-Davis Elastic Support 


Hosiery with another brand—one you may now 


be recommending. See for yourself why ours 
best provides these important advantages. 


1. True, controlled graduated compression 


means greater support at the foot and 
ankle, and gradually less support higher up 
the leg. Ours obviously provides this feature. 


2. Two-way stretch is woven into the 
hosiery from bottom to top. So there’s no 
need for a tourniquet-like band at the top to 
help keep the hosiery up. Ours obviously 


provides this feature. 


3. Medically-correct design matches the 
needs of the patient with vascular disease of 
the lower extremities. Ours obviously 
provides this feature. 


Result: our support hosiery does what 
support hosiery should do. It helps prevent 
edema. Minimizes venous pooling of blood. 
Helps reduce the leg pain associated with 
varicosities. 














Incidentally, Parke-Davis 
Elastic Support Hosiery is made for 
women, too. Panty hose included. 
A complete range of sizes and 
sheerness. Better looking 
than men’ hosiery—but still 
medically correct. 

Seriously, isn’t that beautiful? 


PARKE-DAVIS 
ELASTIC SUPPORT HOSIERY 


They look funny- 
until you 
put them on. 
Parke, Davis & Company * Detroit, Michigan 48232 
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and on- 


For the patient with a terminal illness, PAIN past, 
present, and future can dominate his thoughts 
until it becomes almost an obsession. The more he 
is aware of the pain he is now experiencing, the 
more difficult it is to erase his memory of yester- 
day's pain, and to allay his fearful anticipation 

of tomorrow's pain. 


Surely the last thing this patient needs is an 
analgesic containing caffeine to stimulate the 
senses and heighten pain awareness. A far more 
logical choice is Phenaphen with Codeine. The 
sensible formula provides 1⁄4 grain of phenobarbital 
to take the nervous ‘‘edge’”’ off, so the rest of the 
formula can help control the pain more effectively. 
Don't you agree, Doctor, that psychic distress 

is an important factor in most of your terminal 
and long-term convalescent patients? 


the analgesic formula that calms instead of caffeinates 


Phenaphen with Codeine No. 2, 3, or 4 contains: Phenobarbita 

(‘4 gr.), 16.2 mg. (warning: may be habit forming); Aspirin (2% gr.), 
162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine phosphate, “% gr 
(No. 2), % gr. (No. 3) or 1 gr. (No. 4) (warning: may be habit forming) 


Indications: Provides relief in severer grades of pain, on low 
codeine dosage, with minimal possibility of side effects. Its use 
frequently makes unnecessary the use of addicting narcotics. 
Contraindications: Hypersensitivity to any of the components. 
Precautions: As with all phenacetin-containing products, excessive 
or prolonged use should be avoided. Side effects: Side effects 

are uncommon, although nausea, constipation and drowsiness 
may occur. Dosage: Phenaphen No. 2 and No. 3—1 or 2 capsules 
every 3 to 4 hours as needed; Phenaphen No. 4—1 capsule every 

3 to 4 hours as needed. For further details see product literature. 


il Phenaphen with Codeine is now classified in Schedule III. 
Controlled Substances Act of 1970. Available on written or 
Oral prescription and may be refilled 5 times within 6 months, 
unless restricted by state law 


A. H. Robins Company, Richmond, Va. A-H-ROBINS 
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can be relieved with u mg of Injectable Valium diazepam) I.M. 





Injectable Valium (diazepam) is a useful 
premedicant for reducing undue anxiety. 
Recall of preoperative procedures is markedly 
diminished. When given in conjunction with 
narcotics, a reduction of narcotic dosage should 
be considered. (See prescribing information.) 
Injectable Valium should not be mixed with 
other drugs, solutions, or fluids. The new 10-mg 
disposable syringe can help you observe this 
precaution at the same time it helps assure 
aseptic handling. Injectable Valium seldom 
significantly alters vital signs. Nevertheless. 
there have been infrequent reports of 
hypotension and rare reports of apnea and 
cardiac arrest, usually following I.V. 
administration. Resuscitative facilities should 
be available. 

To relieve excessive preoperative anxiety, 
remember Injectable Valium (5 mg/ml) 2-m] 
ampuls,10-ml vials, 2-ml Tel-E-Ject™ (disposable 
syringes). 


every step of the way. 


Please see the following page for a summary of product information. 


Injectable Valium (diazepam) 


T.M. 


ready-to-use ml Tel-EJect (disposable syringes) 
to-ml vials ? (5 mg! ml) 


2-ml ampuls 


Can ease undue preoperative tension and anxiety. 
Calming effect is usually prompt and pronounced. 

Induces satisfactory or light sleep, from which patient is easily aroused to follow instructions. 
Rarely produces significant changes in vital signs. 


Before prescribing, please con- 
sult complete product information, a 
summary of which follows: 

Indications: Tension and anxiety 
states; somatic complaints which are 
concomitants of emotional factors; 
psychoneurotic states manifested by 
tension, anxiety, apprehension, fa- 
tigue, depressive symptoms or agita- 
tion; symptomatic relief of acute 
agitation, tremor, delirium tremens 
and hallucinosis due to acute alcohol 
withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex 
spasm to local pathology; spasticity 
caused by upper motor neuron dis- 
orders; athetosis; stiff-man syn- 
drome; tetanus; status epilepticus 
and severe recurrent seizures; 
anxiety prior to gastroscopy, esoph- 
agoscopy, and surgical procedures; 
cardioversion (I.V.). 

Contraindicated: In infants; in 
patients with known hypersensi- 
tivity to the drug; in acute narrow 
angle glaucoma; may be used in 
patients with open angle glaucoma 
receiving appropriate therapy. 

Warnings: Inject I.V. slowly, 
directly into vein; take at least one 
minute for each 5 mg (1 ml) given. 
Do not mix or dilute with other solu- 
tions or drugs. Do not add to I.V. 
fluids. Rare reports of apnea or car- 
diac arrest noted, usually following 
I.V. administration, especially in 
elderly or very ill and those with 
limited pulmonary reserve; duration 
is brief; resuscitative facilities 
should be available. Not recom- 
mended as sole treatment for psy- 
chotic or severely depressed patients. 
Should not be administered to pa- 
tients in shock, coma, acute alco- 
holic intoxication with depression 
of vital signs. Caution against haz- 
ardous occupations requiring com- 
plete mental alertness. Advise 
against simultaneous ingestion of 
alcohol and other CNS depressants. 
Withdrawal symptoms (similar to 
those with barbiturates and alcohol) 
have occurred following abrupt dis- 


Can reduce recall of procedure. 


continuance (convulsions, tremor, 
abdominal and muscle cramps, vom- 
iting and sweating). Keep addiction- 
prone individuals under careful 
surveillance because of their predis- 
position to habituation and depen- 
dence. In pregnancy, lactation or 
women of childbearing age, weigh 
potential benefit against possible 
hazard to mother and child. 
Precautions: If combined with 
other psychotropics or anticonvul- 
sants, carefully consider individual 
pharmacologic effects — particularly 
with known compounds which may 
potentiate action of Valium, such as 
phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other 
antidepressants. Usual precautions 
indicated in patients severely de- 
pressed, or with latent depression, 
or with suicidal tendencies. Observe 
usual precautions in impaired renal 
or hepatic function. Not recom- 
mended for bronchoscopy, laryngos- 
copy, obstetrical use, or in diagnostic 
procedures other than gastroscopy 
and esophagoscopy. Laryngospasm 
and increased cough reflex are pos- 
sible during gastroscopy; necessary 
countermeasures should be available. 
Hypotension or muscular weakness 
possible, particularly when used 
with narcotics, barbiturates or al- 
cohol. Since effect with narcotics 
may be additive, appropriate reduc- 
tion in narcotic dosage is possible. 
Use lower doses (2 to 5 mg) for elderly 
and debilitated. Safety and efficacy 
in children under 12 not established. 
Side Effects: Drowsiness, fa- 
tigue, ataxia, confusion, depression, 
constipation, dysarthria, diplopia, 
headache, hypoactivity, hiccups, 
hypotension, incontinence, jaundice, 
nausea, changes in libidc, changes 
in salivation, phlebitis at injection 
site, urinary retention, skin rash, 
syncope, slurred speech, urticaria, 
tremor, vertigo, blurred vision. Para- 
doxical reactions such as acute 
hyperexcited states, anxiety, hallu- 
cinations, increased muscle spas- 


ticity, insomnia, rage, sleep dis- 
turbances and stimulation have been 
reported; should these occur, use of 
the drug should be discontinued. 
Isolated reports of neutropenia, 
jaundice; periodic blood counts and 
liver function tests advisable during 
long-term therapy. Minor EEG 
changes, usually low-voltage fast 
activity, of no known significance. 

Dosage: Usual initial adult 
dose is 2 to 10 mg I.M. or L.V., 
depending on indication for use. 
Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or 
debilitated patients and when seda- 
tive drugs are added. (See Precau- 
tions and Adverse Reactions.) In 
gastroscopy and esophagoscopy, 

5 to 10 mg, I.M. or I.V., 30 min. prior 
to procedure. As preoperative medi- 
cation, 10 mg, I.M., 1 to 2 hours 
before surgery. In cardioversion, 

5 to 15 mg, I.V., within 5 to 10 min. 
prior to procedure. Give I.V. injec- 
tions slowly; take at least 1 minute 
for each 5 mg (1 ml). 

In acute conditions, injection 
may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is 
usually satisfactory; not more than 
30 mg should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium® (diazepam) 
Ampuls, 2 ml, boxes of 10; Vials, 10 
ml, boxes of 1; Tel-E-Ject'” (dispos- 
able syringes), 2 ml, boxes of 10. Each 
ml contains 5 mg diazepam, com- 
pounded with 40% propylene glycol, 
10% ethyl alcohol, 5% sodium benzo- 
ate and benzoic acid as buffers, and 
1.5% benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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«Data on file, Medical Research Department, Mead Johnson 
Research Center, Evansville, Indiana. 
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for bronchopulmonary mucolysis 


new double-blind cross-over 
investigations™ confirm: 


MUCOMYST ocene 
HIGHLY EFFECTIVE 


SALINE HIGHLY 
INEFFECTIVE 



















BRIEFLY... 

Acompilation of studies compared saline’ and Mucomyst' in a total of 153 patients 
Diagnoses of stable chronic obstructive lung diseases included chronic asthmatic 
bronchitis, emphysema, and emphysema with bronchitis 

Investigation thoroughly covered the areas of safety, pulmonary function, sputum 
volume and viscosity, subjective symptoms, and sputum cytology 

Detailed analysis of the results in one study with 24 patients demonstrated that 
four primary parameters of efficacy actually worsened with normal saline and 

all four significantly improved with 40% Mucomyst 


«Data on file, Medical Research Department, Mead Johnson Research Center, Evansville, Indiana. 


+Either alone or combined with isoproterenol. 
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COUGH FREQUENCY SPUTUM VISCOSITY 
at first decreased, then increased increased with saline...significantly 
with saline...consistently reduced thinner with Mucomyst 
icadahatimtcia ba EXPIRATORY PHASE 
PROLONGATION 
a good index of airways obstruction— 
WHEEZE SEVERITY increased or remained unchanged 
increased with saline...significantly with saline...s/gnificantly reduced 
reduced with Mucomyst with Mucomyst 


One double-blind cross-over study which included analysis of 52 variables 
compared the effects of one week of normal saline therapy with the effects of one 
week of 10% Mucomyst in each of 24 patients. 


While large changes cannot be expected after one week's therapy in patients 
with stable chronic obstructive lung disease, of the variables that changed 
significantly with saline therapy, more worsened 
than improved. However, of the variables that 
changed significantly with Mucomyst, the 

great majority were improvements in the 
patients’ status. 





CONCLUSIONS 

e Mucomyst decreases sputum viscosity—saline at best effects no change 

e Mucomyst reduces frequency of cough and severity of wheezing — saline 
increases them 

e Mucomyst reduces the length of the expiratory phase — saline causes no change 
or increases it 


Therapeutic compatibility of Mucomyst with isoproterenol and other broncho- 
dilators has been demonstrated in double-blind controlled studies totaling 134 
patients. No untoward effects requiring cessation of Mucomyst therapy were 
reported in these patients. 


MUCOMYST (cericystene 


Indications: Mucomyst has been demonstrated to be clinically effective as adjuvant therapy in a wide range of conditions in which 
thick, viscous mucus is a problem, including: postoperative atelectasis and pneumonia; chronic bronchopulmonary disease (emphy- 
sema, chronic bronchitis, asthmatic bronchitis, and bronchiectasis); acute bronchopulmonary disease (pneumonia, bronchitis, and 
tracheobronchitis); tracheostomy care; facilitation of bronchial studies; maintenance of an open airway during anesthesia; and to help 
control pulmonary complications of cystic fibrosis. Contraindications: Mucomystis contraindicated in those patients who are sensitive to it. 
Warnings: After proper administration of acetylcysteine, an increased volume of liquefied bronchial secretions may occur. When cough is inadequate, the 
open airway must be maintained by mechanical suction if necessary. When there is a large mechanical block due to foreign body or local accumulation, the 
airway should be cleared by endotracheal aspiration, with or without bronchosco y. Asthmatics under treatment with Mucomyst should be watched carefully. If 
bronchospasm progresses, this medication should be immediately discontinued. Adverse Effects: Adverse effects have included stomatitis, nausea 
and rhinorrhea. Sensitivity and sensitization to Mucomyst have been reported very rarely. A few susceptible patients, particularly asth- 
matics (see Warnings), may experience varying degrees of bronchospasm associated with the administration of nebulized acetylcysteine. 
Most patients with bronchospasm are quickly relieved by the use of a bronchodilator given by 


nebulization. Administration: Mucomyst may be administered by nebulization into a tent, Croup- 
ette, face mask, or mouthpiece, or by direct instillation. Mucomyst should not be placed directly into the M eg | 
chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and compatibility | | 


are included in the package insert. Additional information may be obtained from Mead Johnson 
Laboratories. Supplied: Mucomyst” -10 (acetylcysteine) a sterile 10% solution in vials of 10 ml. and30 LABORATORI ES 
ml.: Mucomyst* (acetylcysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. 








on the surgical service... 


more than lO years of clinical experience * 





Keflin I.V. 


sodium cephalothin 


2 Gm.* in 100-ml. ampoule 


for SEOSIS ANC 
oneumMonias' 


Over the years, Keflin has been, and 
continues to be, a logical choice of Surgeons 
for the treatment of sepsis and pneumonias 
with or without septicemia or shock when due 
to susceptible strains of Klebsiella, Escherichia 
coli, and Proteus mirabilis. Pseudomonas is 
resistant; many strains of enterococci, such as 
Streptococcus faecalis, are relatively resistant. 
Keflin is contraindicated in persons who have 
shown hypersensitivity to cephalosporins and 
should be used with great caution in patients 
allergic to penicillin. 


The prompt administration of Keflin has 
proved to be useful in the hospital for the 
treatment of sepsis, particularly if shock is 


present or impending. Furthermore, it may even 
be given to: 
e patients with impaired renal function, at 
reduced dosage 


e patients with low host resistance 


e those with coexisting complications, such 
as malnutrition, trauma, and malignancy 


Since the introduction of Keflin, the 
susceptibilities of commonly encountered 
organisms, as measured by in-vitro methods, 
have not changed significantly. 


“equivalent to cephalothin 
tdue to susceptible organisms 


* Keflin was made available for clinical investigation 
early in 1962 and was marketed on September 4, 1964. 


Lilly 


Please turn page for prescribing information. 


Description: Keflin® (sodium cephalothin, 
Lilly) is a semisynthetic cephalosporin an- 
tibiotic for parenteral use. It is the sodium 
salt of 7-(thiophene-2-acetamido) cephalo- 
sporanic acid. The sodium content is 55 
mg. per Gm. of cephalothin. 


Actions: The bactericidal action of cepha- 
lothin results from inhibition of cell-wall 
synthesis. In-vitro and in-vivo activity has 
been demonstrated against strains of the 
following micro-organisms: 
Staphylococcus aureus (penicillin-sen- 
sitive and penicillinase-producing) 
Beta-hemolytic and other streptococci 
(many strains of enterococci, e.g., 
Streptococcus faecalis, are relatively 
resistant) 
Pneumococci 
Clostridia 
Hemophilus influenzae 
Neisseria gonorrhoeae 
Escherichia coli and other coliform bac- 
teria 
Klebsiella-Aerobacter sp. 
Proteus 
Salmonella sp. 
Shigella sp. 


Indications: Keflin is indicated in the treat- 
ment of serious infections of the respira- 
tory tract, genito-urinary tract, soft tissue 
and skin, gastro-intestinal tract, bones and 
joints, bloodstream, and cardiovascular 
system due to susceptible organisms. Also, 
it has been effective in cases of peritonitis, 
septic abortion, and staphylococcus and 
pneumococcus meningitis. Effectiveness 
has not been established in other types of 
meningeal infection. 

Appropriate culture and susceptibility 
studies should be performed to determine 
susceptibility of the causative organism 
to Keflin. 


Contraindication: Keflin is contraindicated 
in persons who have shown hypersensitiv- 
ity to cephalosporin antibiotics. 

Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 


DRUGS, INCLUDING DEATH FROM ANAPHY- | 


LAXIS, HAVE BEEN REPORTED. 

Any patient who has demonstrated some 
form of allergy, particularly to drugs, 
should receive antibiotics cautiously and 
then only when absolutely necessary. No 
exception should be made with regard to 
Keflin. 


Usage in Pregnancy—Safety of this prod- 
uct for use during pregnancy has not been 
established. 


Precautions: Patients should be followed 
carefully so that any side-effects or un- 
usual manifestations of drug idiosyncrasy 
may be detected. If an allergic reaction to 
Keflin occurs, the drug should be discon- 
tinued and the patient treated with the 
usual agents (e.g., epinephrine, antihista- 
mines, pressor amines, or corticosteroids). 

When Keflin is administered to patients 
with transient or persistent reduction of 
urinary output due to impaired renal func- 
tion, the total daily dose should be re- 
duced. Careful clinical observation and 
laboratory studies should be made, be- 
cause higher and more prolonged sys- 


temic antibiotic concentrations can occur 


(see Administration and Dosage below). 
When intravenous doses of cephalothin 
larger than 6 Gm. daily are given by infu- 
sion for periods longer than three days, 
they may be associated with thrombophle- 
bitis, and the veins may have to be alter- 
nated. The addition of 10 to 25 mg. of 


hydrocortisone to intravenous solutions 
containing 4 to 6 Gm. of cephalothin may 
reduce the incidence of thrombophlebitis. 
The use of small I.V. needles in the larger 
available veins may be preferred. 

Prolonged use of Keflin® (sodium ceph- 
alothin, Lilly) may result in the overgrowth 
of nonsusceptible organisms. Constant ob- 
servation of the patient is essential. If 
superinfection occurs during therapy, ap- 
propriate measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict’s or 
Fehling’s solution or with Clinitest® tablets 
but not with Tes-Tape® (urine sugar anal- 
ysis paper, Lilly). 


Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reactions 
resembling serum sickness, and anaphy- 
laxis have been reported. Eosinophilia and 
drug fever have been reported as asso- 
ciated with other allergic reactions. These 
reactions are most likely to occur in pa- 
tients with a history of allergy, particularly 
to penicillin. 


Blood—Neutropenia and hemolytic ane- 
mia have been reported. Some individuals, 
particularly those with azotemia, have de- 
veloped positive direct Coombs tests dur- 
ing cephalothin therapy. 


Liver—Transient rise in SGOT has been 
reported. 


Kidney—Rise in BUN has been observed; 
however, some patients with elevated BUN 
at the beginning of cephalothin therapy 
have had values return to normal during 
therapy. 
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Local Reactions—Pain, induration, ten- 
derness, and elevation of temperature have 
been reported following repeated intra- 
muscular injections. Thrombophlebitis has 
occurred and is usually associated with 
daily doses of over 6 Gm. given by infusion 
for more than three days. 


Administration and Dosage: /n adults, the 
usual dosage range is 500 mg. to 1 Gm. of 
cephalothin every four to six hours. A dos- 
age of 500 mg. every six hours is adequate 
in uncomplicated pneumonia, furunculosis 
with cellulitis, and most urinary tract in- 
fections. In severe infections, this may be 
increased by giving the injections every 
four hours or, when the desired response 
is not obtained, by raising the dose to 
1 Gm. In life-threatening infections, doses 
up to 2 Gm. every four hours may be re- 
quired. 


Ininfants and children, the dosage should 
be proportionately less in accordance with 
age, weight, and severity of infection. Daily 
administration of 50 mg. per Kg. (40 to 80 
mg. per Kg. or 20 to 40 mg. per pound) in 
divided doses has been found effective for 
most infections susceptible to Keflin. 


For additional information regarding 
dosage and administration, see package 
literature. 


How Supplied: Ampoules Keflin® (Sterile 
Sodium Cephalothin, U.S.P.), equivalent 
to 1 Gm. cephalothin, 10-ml. size, rubber- 
stoppered; equivalent to 2 Gm. cephalo- 
thin, 100-ml. size, rubber-stoppered; 
equivalent to 4 Gm. cephalothin, 50-ml. 
size, rubber-stoppered. [031971] 
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lOyears of 
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# experience 


Additional information 
available to the 
profession on request. 
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All of these mammals, except one, 
can synthesize vitamin C. 
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Man cannot. 


Homo sapiens can neither synthesize vitamin | increased. 





C nor store the water soluble vitamins. They | In such cases, Surbex-T may be indicated. 

have to be replenished every day. Each tablet provides 500 mg. of vitamin C 
Normally, man accomplishes this in his daily | plus high potency B-complex 

diet. But under conditions of illness, stress, in | Where nutritional status must be preserved, 

convalescence or following surgery, vitamin | Surbex-T can help restore what the body can 

stores may be depleted or metabolic demands | not store. 011399 


Q 
500 mg. of Vitamin C with High Potency B-Complex 


Restores what the body cannot store—the water-soluble vitamins. 
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Ketalar 
(Ketamine HCI) 


Progress 
Report 


One year of nationwide 

clinical use; one decade of 
research and development 
at Parke-Davis. A continu- 











ing program that has 

made KETALAR anesthesia 

area In routine induction, 
a smooth, 

In high-risk surgery, uncomplicated start 

an added measure KETALAR provides efficient 

of safety induction for practically any 


anesthetic regimen and is ad- 
ministered I.M. or IV. which 
greatly simplifies the proce- 
dure for children and adults 
alike. KETALAR is also clini- 
4. \cally compatible with com- 
7, \monly used general anes- 

% \thetics, pre- and postanes- 

_ |thetic medications, includ- 
ing anticholinergics, muscle 
|relaxants, and tranquilizers. 


KETALAR lessens surgical risk 
for many emergency and 
“poor-risk” patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- 
tective laryngeal-pharyngeal 
reflexes intact. Airway pa- 
tency can usually be main- 
tained without intubation. 
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In short procedures, absence of tachyphylaxis 
more problems and organ/tissue accumula- 


tion is a definite plus in re- 
solved, fewer petitive procedures. Grow- 


created ing experience with 
KETALAR, as sole agent KETALAR shows that emer- 


simplifies and improves an- |8ence reactions can be ef- 
esthesia in a hostof “prob- _ |fectively reduced by allow- 
lem procedures.” It has ing patients to awaken 
proven to be especially valu- naturally with minimal ver- 
able in the management of bal or tactile stimulation, 
severe burn patients, and its and, wher e indicated, by 
rapid and profound anal- _ [employing agents such as 
gesic effect provides a major droperidol or diazepam. 
advantage in numerous Paane 
painful diagnostic tests and In pediatrics, a new 
short surgical procedures era in anesthesia 
not requiring skeletal mus- 
cle relaxation. The virtual | KETALAR anesthesia repre- 
sents a milestone in the 
management of infants and 
children. It offers — for the 
first time — efficient general 
anesthesia by intramuscular 
injection. In terms of both 
efficacy and convenience, 
the clinical experience with 
KETALAR may qualify it in 
many instances as the agent 
of choice for pediatric 
anesthesia. 

€ | KETALAR UPDATE: 
4} | Now indicated for use in 
cardiac catheterization. 
Now available in new 
100 mg./ml., 5 ml. vials 
[for IM use. 





See next page for prescribing information. 


Kétalar’ 
(KetamineHCl) 
Parke-Davis 


advancement in 
anesthesiology 
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Kētalar: 


anesthesiology ex (Ketamine HCl 


KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 


THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 
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sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 


Psychological: (See Special Note). 


Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 
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SPARTA Snew bout... 


300-505 Metzenbaum Scissors 


370-101 Graves Speculum 








320-425 Ochsner Hemostat 


330-555 Green Retractor 


Long on experience 
Extensive on product line 

Knowledgeable to your wants and needs 
SPARTA... the new instrument company 
that's new in name only. 


SPARTA INSTRUMENT CORPORATION 


305 FAIRFIELD AVENUE / FAIRFIELD, N.J. O70006 / (201) 575-1344 


Three Soy: reasons for using catgut 
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4, The only 2 suture available. 


2. Familiarity with its handling properties. 
3. Limited failures with it. 





Eight good reasons for using DEXON’ 
polyglycolic acid suture today: 


1. Supple, silk-like hand. 

2. Knot security— tied securely, it holds securely. 

3. High tensile strength—minimizes breaking. 

4. Sustained strength through the critical wound healing period. 
5. No fraying. 

ova Predictable absorption, even in contaminated areas. 

7. Minimal tissue reaction and inflammatory response. 

8. Improved patient comfort. 


see next page for complete product information Thè future iS with 
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Complete Product Information— 
approved official package insert. 


DESCRIPTION DEXON? polyglycolic 
acid Suture— Synthetic, Absorbable 
is a homopolymer of glycolic acid. 
The sutures are sterile, inert, noncol- 
lagenous, nonantigenic, nonpyro- 
genic, flexible, braided, undyed, 
with a natural beige color. They are 
uniform in size and tensile strength, 
but are smaller in diameter than 
Absorbable Surgical Sutures of 
equivalent tensile strength. 


ACTIONS When DEXON is placed in 
tissues, a Minimal tissue reaction 
occurs which is followed by a micro- 
scopic layer of fibrous connective 
tissue which grows into the suture 
material. Clinical experience, con- 
firmed by animal studies, revealed 
no absorption at 7 days, minimal 
absorption at 15 days, maximum 
absorption at 30 days, and essential- 
ly complete resorption after 60 to 

90 days. Therefore, the suture may be 
expected to maintain optimum 
strength during the critical early post- 
operative healing phase. 


INDICATIONS This suture may be 
used in blood vessel ligation or tissue 
repair, including skin, where absorb- 
able or nonabsorbable sutures are 
required. The suture may be removed 
or left in place until it is completely 
absorbed. 


CONTRAINDICATIONS Where ex- 
tended approximation of tissues must 
be maintained. 


WARNINGS The safe use of this 
suture in cardiovascular, neural, and 
ophthalmological surgery has not 
been established. Do not resterilize. 
Discard opened, unused sutures. 


PRECAUTIONS As with all sutures, 
acceptable surgical practice must 
be followed with respect to drainage 
and closure of infected wounds. 
DEXON polyglycolic acid Suture — 
Synthetic, Absorbable requires 
soecial care in placing the first knot. 
In rare instances disintegration of the 
sutures may be prolonged. 


ADVERSE REACTIONS Adverse reac- 
tions have been rare and are similar 
to those which occur with all sutures; 
they include tissue reaction or inflam- 
mation and fibrinous or granulation 
tissue. Wound separation and bleed- 
ing have occurred infrequently. 


DOSAGE AND ADMINISTRATION 
Use as required per operation. 


HOW SUPPLIED Suture sizes 6/0 
through 4. Supplied in cut lengths or 
ligating reels, non-needled or 
affixed to the various Davis & Geck 
ATRAUMATIC* needles in three dozen 
packages. Rev. 9/70 


DE DAVIS+ GECK 


American Cyanamid Company 
Pean River, N.Y 10965 













ARTERIAL 
SURGERY 


By H. H. G. Eastcott, M.D., F.R.C.S. 






This handsomely-illustrated work offers an ex- 
ceptionally complete clinical, pathological and 
therapeutic presentation of the entire range 
of arterial disorders. The causes of arterial 
diseases and injuries are fully described, to- 
gether with precise surgical procedures. The 
entire clinical picture for each disorder is dis- 
cussed, and an abundance of case reports is 


included. 


“Only a surgeon with a breadth and depth of 



















experience could present the subject so 
thoroughly and authoritatively. . . . This is 
an outstanding volume which can be highly 
recommended and without reservation to medi- 
cal students, residents, general surgeons, and, 
in this reviewer's opinion, to experienced vas- 
cular surgeons.”—Surgery, Gynecology and 
Obstetrics. 


412 Pages 652 Illustrations 1969 $22.00 
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J. B. Lippincott Company 
East Washington Square 
Philadelphia, Pa. 19105 
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Wounds of the Liver in Vietnam: 


A Critical Analysis of 254 Cases 


CHARLES P. CARROLL, M.D., Maj., MC, U.S. Army,* 
KENNETH A. CASS, M.D., Lt. Col., MC, U.S. Army,** 


THOMAS J. WHELAN, jr., M.D., F.A.C.S., Brig. Gen., MC, U.S. Army*** 


-Į REATMENT of patients with hepatic injuries has 
Tona dramatically from that of expectancy in 
- World War I, to the present stage of extended hepatic 

lobectomy. Like many advances in surgery, the experi- 

ence gained from war time, by studying large numbers 
of patients with specific organ injury has proved inval- 

uable. Madding, Lawrence & Kennedy analyzed 829 

liver and biliary tract injuries sustained during World 

War II. From this study the concept of adequate hepato- 

biliary drainage was introduced and liver packing de- 

cried. 

It became apparent, after the Korean Conflict, that 
drainage alone was inadequate as intra-operative and 
postoperative hemorrhage bécame more common. Lortat- 
Jacob and Roberts’?! early work with anatomical liver 
resection, followed by Quattlebaum*t and Pack, who 
made hepatic resection practicable, contributed greatly 
to the surgeons repertoire. for controlling hemorrhage in 
liver une With the increased use of high velocity 
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From the Office of the Surgeon General, Department 
of the Army, Washington, D. C. 


weapons during the Vietnam period, resectional surgery 
of liver wounds became a mainstay. More difficult tech- 
nical problems were added, however, such as control of 
hepatic vein and retro-hepatic caval injury. This neces- . 
sitated rapid vascular isolation and the development of 
an intrd-caval shunt.”® 

Theoretically, hemorrhage from the liver is control- 
lable. by resection and vascular isolation technics. As 
technical considerations became less of an obstacle to 
patient survival in Vietnam, it has become more impor- 
tant for the surgeon to evaluate the results of this large 
surgical experience, This would most expeditiously and 
rationally be accomplished in the form of a Vietnam 
Liver Registry. Such a Registry has been in operation 
for 1 year in the Army Surgeon General’s Office. 

In order to fully appreciate the potential of such a 
Registry, let us examine the following: 

In a random study” of 358 Vietnam casualties with 
penetrating abdominal injuries, 112 patients (31%) sus- 
tained liver wounds. Jones, Peters, and Gasior™ reviewed 
1011 conseciitive cases from the 2nd Mobile Army Surgi- 
cal Hospital in Vietnam aiid reported 32 patients (30%) 
with liver wounds among 158 patients with abdominal 
organ injury. Perry?’ in a review of penetrating abdomi- 
nal wounds found the liver to be the most frequently 
injured organ. Thirty-five patients (27%) of 131 had liver 
involvement. During the period from November 1967 
to December 1970 approximately 22,665 abdominal ex- 
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plorations were performed in Vietnam. A complete 


registry of Vietnam hepatic injuries could approach 5,000 
cases by extrapolation. 


Material Studied 

Two- hundred- forty-four patients with penetrating 
wounds of the liver were evaluated from time of initial 
injury in Vietnam until discharge from a military medical 
facility in the United States. Ten additional patients, dy- 
ing from wounds, were studied which included com- 
plete autopsy findings obtained from the Armed Forces 
Institute of Pathology (AFIP). 


Age Incidenee 
The age of patients studied varied from 18 to 51. Two 
hundred seventeen of 234 patients were age 18 to 25 and 
one patient was above 40 (Table 1). 
Injuring Agents 
There were 94 gurishot wounds (GSW) and 160 mul- 
tiple fragment wounds ( MFW) in the 254 cases studied. 
The MFW were the results of grenade, mine, booby 
trap, mortar or rocket fragments. The primary small arms 
weapons used by the Viet Cong and North Vietnamese 
Army were the AK47, AK50, SKS and RDP. The M-16 
and M:-14 were American weapons. In Table 2 is re- 
corded ballistic information pertinent to these weapons. 
From the formula KE = 1/2 MV? (Kinetic Energy = 
1/2 Mass Velocity?), it is obvious that the velocity of the 
missile becomes the critical factor in determining tissue 
destruction or wound producing capacity.®.*? Also, a mis- 
sile will have imparted to it a rotary type motion called 
rotary inertia or spin which will add additional energy 
to its wounding capacity. This can be expressed by the 
formula I = MR?/2 (Inertia = Mass Radius?/2). A high 
velocity missile will certainly dissipate significant ki- 
netic energy distal to its missile tract and may cause 
multiple organ injury. The M-16 projectile, in addition, 
will fragment on impact arid again may add to the mul- 
tiplicity of organ involvement: 


Area of Liver Wound 
The right lobe was injure in 67 cases and the left lobe 
in 34 cases. The involved lobe was not specified in the 
remaining 153 cases. The preponderance of right lobe 
injuries in survivors is most likely due to the higher rate 
of mortality associated with left lobe injuries because 
they are more likely midline and involve the cava or 








TABLE 1. Age Incidence 
Age Patients 
18-25 217 
25-30 10 
31-40 . 6 
Si 1 
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TABLE 2. Ballistic Information én Weapons Used în Vietnam 


Velocity Weight 
Weapon (meters/seéc) (grains) Size (mm) 
AK 47 710 124 7.62 
AK 50 710 124 7.62 
AKM 715 125 7.62 
SKS 735 124 7.62 
RPD 735 124 7.62 
RPK 735 124 7.62 
PK 825 147 7.62 
RM 60 840 150 7.62 
M16 (American) 972 55 5.62 
M14 (American 850 150 7.62 


Low Velocity less than 700 meters/sec. 
Middle Velocity = 700 meters/sec. — 950 meters/sec. 
High Velocity greater than 950 meters/sec. 


aorta. Another possibility is the surgeon’s description of 
the wound based on thé older anatomical classification 
which divided the liver at the falciform ligament instead 
of at the level of the gallbladder fossa and cava.!® 


Operative Procedure 


The actual description of the liver wound was insuf- 
ficiently depicted in the majority of cases and only the 
type of operation performed was helpful in. etornining 
the extent of hepatic damage. 

One hundred eighty-eight patients (74%) of 954 ‘had: 
suturé and drainage (S&D). Twenty-five patients ( 10%) 
had T-tubes added to the procedure of S&D. Twenty- 
seven patients (11%) of the total had resection or de- 
bridement. Fourteen patients (5.4%) had resection or 
debridement + T-tube. In the resection-debridement 
group there were three times as many resections per- 
formed as debridements (Table 3). 

Summation of Associated Injuries 

Of 254 patients, 51 (20%) had liver injury alone. One 
hundred seventy-nine patients (70%) were associated 
with other abdominal organ injury and 155 (45%) were 
associated with intra-thoracic trauma. In 80 patients 
(34%), injuries involved both intra-thoracic and intra- 
abdominal organs. 

Besides pulmonary and multiple abdominal organ in- 


volvement, the next most common problem area. was 
associated orthopaedic trauma. This ranged from simple 


TABLE 3. Summation of Operative Procedures 


Percentage 


Operative Procedure Patients 

Suture & Drainage (S&D) 188 74 

S&D + T-tube 25 10 

Resection 17 6.7 

Debridement 10 3.9 

Resection + T-tube 13 5.1 

Debridement + T-tube 1 3 
254 100 
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TABLE 4. Associated Injuries with Wounds of the Liver 


Organ System Patients 
None 51 
Other abdominal organs 179 
Pulmonary 115 
Abdominal and Pulmonary 88 
Orthopaedic 67 
Vascular 18 
Maxillofacial 23 
Cerebral Spinal 18 
Peripheral Nerve 27 


fracture to a major amputation in 67 cases (26%) (Table 
4). 


Associated Intra-Abdominal Organ Injury 


Of the 179 instances of other intra-abdominal organ 
involvement the most frequent injury was to the dia- 
phragm, in 70 cases (39%). This was followed by the kid- 
ney, 54 cases (30%) and colon, 52 cases (29%). Eighty- 
seven patients had all types of bowel injury (48%). (A 
summary of all abdominal organ injuries is listed in 
Table 5). 


T Complications 

The number of patients with major chest or intra-ab- 
dominal complications includes 104 cases, with a com- 
plication rate of 40 per cent. The major problem areas 
were postoperative infection (wound infection, sepsis, 
abscess or empyema) and pulmonary abnormalities. 
Eighty-four patients (33%) had major infections and 31 
patients (12%) had significant pulmonary complications. 
Each specific complication in order of decreasing fre- 
quency is tabulated in Table 6. 


Abscess Formation 
Of 38 patients with diagnosed abscess formation, 46 
separate abscesses were present for an incidence of 1.21 
abscesses per patient. There were two bilateral sub- 
phrenic abscesses. Twenty-eight abscesses (60%) of 46 
were subphrenic or subhepatic in origin. The next most 


TABLE 5. Specific Associated Intra-Abdominal Organ Injury 


Organ Patients 
Diaphragm 70 
Kidney 54 
Colon 52 
Small! bowel 32 
Stomach 31 
Duodenum 18 
Spleen 15 
Pancreas 12 
Gall Bladder 11 
Renal Vein 4 
Bladder 3 
Ureter 2 
Bile Duct 2 
Portal Vein 2 
IVC Í 
Aorta 1 
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TABLE 6. Complications 
Complications Patients 
Sepsis 48 
Intra-abdominal abscess 38 
Pulmonary Insufficiency 31 
Wound Infection 26 
Stress ulcer {5 
Empyema 12 
Bowel obstruction 12 
Biliary fistula 11 
Bowel fistula 9 
Falciparum Malariae 8 
Cholecystitis 4, 
Renal failure 4 
Pancreatitis 2 
Defibrination Syndrome 1 
Evisceration 1 


common abscess was intra-abdominal, 10 (21%) followed 
by pelvic, 4 (9.5%) and intrahepatic, 4 (9.5%). 

The organisms cultured from the abscesses are sum- 
marized in Table 7 and show that 22 of 24 cultures were 
gram negative organisms compared to two gram positive 
cultures. The major offending agents were Escherichia 
coli, 8; proteus, 6; pseudomonas, 4; and klebsiella, 3. 
The only case of multiple intrahepatic abscess formation 
was diagnosed by liver scan and was probably amoebic 
in origin. 


Relationship of Complication to 
Operative Procedure and T-tube 


a. Abscess 

After examining the results involving the relationship 
of operative procedure to abscess formation, we note 
that of 27 patients who had undergone debridement or 
resection without T-tube, nine (33%) developed an 
abscess. This represented the greatest percentage of 
abscess formation in any group. In the debridement or 
resection + T-tube group, two patients (14%) of 14 de- 
veloped an abscess. From preliminary analysis it ap- 
pears there is a definite preponderance of abscess for- 
mation in the group with resection and debridement 
without a T-tube (33%) compared to the group with 
resection and debridement + T-tube (14%). However, 
if we rigorously test our hypothesis computing the X? and 
P value we observe no statistical difference in these two 
groups of patients. 


TABLE 7. Results of Cultures from Abscesses 


Organism Patients 


E. colt 
Proteus 
Pseudomonas 
Klebsiella 
Staph Aureus 
Bacteroides 
Aerobacter 
Amoebic 
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° X? = 0.725 
p > 0.30 


Similarly comparing S&D + T-tube group with ab- 
scess, five (20%) of 25 cases, to S&D without T-tube 
group, 22 cases (12%) of 188 again, no statistical differ- 
ence is present. 


*X? = 0.725 
p > 0.30 


The summation of all cases with T-tube—seven (18%) 
of 39—compared to cases without T-tube—31 (14%) of 
915—and abscess formation also results in no statistical 
difference. 


* X? = 0.105 
p > 0.70 


If we now divide our patients according to total S&D 
versus total debridement or resection cases we are left 
with the following statistical deduction: 

Total S&D patients with abscess, 27 cases (12%) of 
213 cases, compared to total debridement resection pa- 
tients, 11 (27%) of 41 cases, results in a definite statistical 
difference. 


#8 X? = 4.358 
p < 0,025 


This last calculation allows us to say the prevalence 
of abscess formation is certainly related to the extent of 
operative procedure performed and further the amount 
of liver destruction present (Table 8). 

b. Pulmonary Complication 

Thirty-one patients with major pulmonary complication 
are similarly analyzed concerning their relationship to the 
operative procedure. Debridement or resection—four 
cases (15%) of 27—compared to debridement or resection 
+ T-tube—one patient (7%) of 14—had a major pul- 
monary complication. 


TABLE 8. Relationship of Abscess Formation to Operative Liver 
Procedure 


Total Number of Cases Studied 38 


With Total % Abscess 
Operative Procedure Abscess Number Formation 
S&D + T-tube 5 25 20 
Debridement or Resection 9 27 33 
Debridement or Resection 
+ T-tube 2 14 14 
S&D 22 188 12 
Total number with T-tube 7 39 18 
Total number without 
T-tube 31 215 14 
Total S & D Patients 27 213 12 


Total debridement or re- 
section patients 11 41 27 
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* X2 = 0.043 
p > 0.80 


This shows no statistical difference. 
Comparison of S&D + T-tube—six cases (24%) of 
25—to S&D alone—20 cases (10%) of 188—reveals 


"K = 2.53 
p > 0.05 


which is again not statistically significant but very close 
to being so. Comparison of total number of cases with 
T-tube 7 (18%) of 39, and total without T-tube, 24 
(11%) of 215, again shows no difference 


* X? = 0.856 
p > 0.30 


If we compare total S&D group—27 (12%) of 213—with 
total debridement or resection group—five (12%) of 41— 
results are identical (Table 9). 

c. GI Bleeding 

The highest complication rate of postoperative upper 
GI bleeding was in those cases with debridement or re- 
section and no T-tube present, four cases (15%) of 27. 
If we compare this group to debridement or resection + 
T-tube, 1 case (7%) of 14, no statistical difference is 
noted 


*X? = 0.04 
p > 0.80 


The remainder of cases comparing presence of T-tube 
with absence of T-tube show almost identical percentages 
of GI bleeding. A comparison of total S&D cases—ten 
(4.6%) of 213—with total debridement or resection group 
—five (12%) of 41—is very close to being significant. In 
this situation X* = 2.2617. 

The predicted X? value is so close to the critical X? 
value that further sampling is necessary for any definite 


conclusion to be drawn. The suggestive evidence appears 


TABLE 9. Relationship of Pulmonary Complications to Operative 
Laver Procedures 


31 Cases Studied 





% of 
Pulmonary 
Pulmonary Total Complica- 
Operative Procedure Complication Number tions 
S&D + T-tube 6 25 24 
Debridement or resection 4, 27 15 
Debridement or resection 
+ T-tube Í l4 7 
S&D 20 188 10 
Total T-tube 7 39 18 
Total without T-tube 24 215 11 
Total S & D patients 26 213 12 
Total debridement or 
resection patients 5 Al 12 
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to be in the direction of increased upper GI bleeding 
following liver resection or debridement (Table 10). 

In essence the establishment of T-tube drainage or 
controlled biliary fistula failed to cause an increased 
incidence of stress ulceration or GI bleeding as some 
authors have proposed (Foster®). 

d. Biliary Fistula 

Eleven cases of prolonged biliary fistula were reported. 
If we compare S&D + T-tube with biliary fistula—two 
cases (8%) of 25—with S&D without T-tube and biliary 
fistula—seven (4% of 188—no statistical difference is pres- 
ent 


*X? = 0.220 
p > 0.50 


The remainder of computed biliary complications, for 
cases with and without T-tube, as well as total number 
of cases with S&D compared to debridement or resection, 
show no difference (Table 11). From this information it 
appears that a T-tube will not reduce prolonged biliary 
fistula formation and the extent of operation performed 
has little effect on resultant biliary fistula formation. This 
problem, however, needs further evaluation because of 
the small patient sampling with this complication. 

An interesting finding in the cases with biliary fistula 
was the high incidence of a fistula occurring through 
the chest. Five of 11 patients were discovered with this 
complication. 

All five had associated diaphragmatic injury and in- 
adequate abdominal drainage was an important etiologi- 
cal factor. It must be emphasized that in patients with 
diaphragmatic injury, abdominal drainage must be care- 
fully instituted to eliminate this risk. In fact, posterior 
drainage through the 12th rib bed should be a major 
consideration in this group. 


* Computation of X2: 
Level of significance = .05 = 5% 
Degree of freedom = df = 1 
2 Tail Test 
Critical X2 (1, .05) = 3.85 


TABLE 10. Relationship of Upper GI Bleeding to Operative Liver 
Procedures—15 Cases Studied 


With GI Total % GI 
Operative Procedure Bleeding Number Bleeding 
S&D + T-tube 1 25 4 
Debridement or resection 4 27 15 
Debridement or resection 
+-.T-tube 1 14 7 
S&D 9 188 5 
- Total T-tube 2 39 5 
Total without T-tube 13 215 6 
Total S & D patients 10 213 4.6 
Total debridement or 
resection patients 5 41 12 
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Relaitonship of Biliary Fistula to Operative Liver 
Procedures—I11 Cases Studied 


TABLE 11. 


Biliary Total % Biliary 
Operative Procedure Fistula Number Fistula 

S&D + T-tube 2 25 8 
Debridement or resection 1 27 3 
Debridement or resection 

+ T-tube it 14 7 
S&D 7 188 4 
Total T-tube 3 39 8 
Total without T-tube 8 215 3.7 
Total S & D patients 9 213 4.2 
Total debridement or 

resection patients 2 4] 5 


Computed X2 must be 3.85 or p value 0.05 for results to be 

statistically significant. 
** Computation of X?: 

Level of significance = .025 == 2.5% 

Degree of freedom = df = 1 
1 Tail Test 

Critical X2 (1, .025) = 3.84 

Computed X? must be 3.84 or p value 0.025 for results to be 
statistically significant. 


Reoperation 


This group includes reoperative cases with a diagno- 
sis of primary liver complication rather than any extra 
hepatic complication such as abscess, GI bleeding, enteric 
fistula, etc. six (2.3%) patients of 254 studied, required 
re-exploration of the hepatic wound because of post- 
operative hemorrhage or sepsis. There were no cases of 
hematobilia reported in this group. 

The cases were equally divided between postoperative 
hemorrhage or sepsis secondary to hepatic necrosis or 
hepatic sequestra. In two instances, a T-tube cholangio- 
gram was very helpful in making the final decision for 
re-exploration. One patient had significant leakage from 
the left lobe and another had an obstructed major biliary 
duct. Both patients had sepsis and during operation re- 
vealed hepatic necrosis that required debridement. In 
those six individuals necessitating reoperation, suture and 
drainage was the original procedure in five, and left 
lobar resection was initial treatment in one. Five pa- 
tients in the S&D group ultimately required major resec- 
tion as final treatment and one patient required suture 
ligation of an intrahepatic bleeding point. 

From these results it appears that inadequate debride- 
ment or failure to resect was the primary reason for re- 
exploration. 


Post-mortem Studies of Liver 
Of the 10 deaths following major abdominal trauma, 
wherein the liver was the primary organ of injury, patho- 
logic changes in the remaining hepatic tissue were eval- 
uated, Post-mortem liver weights were tabulated in 
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Table 12, If we assume the normal weight of an adult 
male liver to be 1500 Gm., we notice in seven of ten of 
the cases the weight is equal to or exceeds 2000 Gm. This 
is present also in those cases in which major resection 
was carried out. 

In seven of 10 instances sectioned, sinusoidal con- 
gestion is prominent and this may, in part, account for 
the increased weight. This is somewhat comparable to 
the pulmonary edema and congestion commonly found 
in post-mortem lung following extensive trauma. 

Another interesting finding in seven of ten cases was 
the presence of extensive necrosis and sequestra at the 
injured site which correlated with Longmire’s'* findings. 
Other pathologic findings consisted of fatty metamorpho- 
sis in three patients and intrahepatic abscess formation 
in two patients. 


Case Reports 


Case 1. A 51-year-old Sergeant Major sustained multiple frag- 
ment wounds in the Republic of Vietnam on 14 March 1968. He 
had injuries to the transverse colon, the left lobe of the liver and 
pancreas. Initial treatment consisted of colostomy, drainage of 
liver laceration plus T-tube insertion and pancreatic drainage. 
Postoperative course was characterized by fever, hyperbiliru- 
binemia and sepsis. T-tube cholangiogram showed leakage from 
the left lobe of the liver. Three weeks following initial operation, 
he underwent exploration which revealed necrosis of the left lobe 
requiring a partial hepatic lobectomy. Postoperatively his tem- 
perature returned to normal and he was ultimately discharged. 

Case 2. A 26-year-old PFC sustained a gunshot wound of the 
abdomen in the Republic of Viemam on 3 June 1968. Operation 
revealed a lacerated diaphragm, lung, and liver. He was treated 
by suture and drainage of liver injury with T-tube insertion. Two 
weeks postoperatively a T-tube cholangiogram showed extravasa- 
tion of dye and failure to fill a major portion of the biliary tree. 
Twelve days following this abnormal T-tube cholangiogram he 
began draining bile from the chest wound and an enterobacter 
organism was grown from his blood. His bilirubin rose to 4.8. Re- 
exploration at this time showed a large defect in the diaphragm 


which could not be closed and major necrosis of the liver which’ 


was surgically debrided. 

Sepsis continued with spiking temperatures and multiple abscess 
formation of the right lung developed. This was treated conserva- 
tively and he was finally discharged after prolonged hospitaliza- 
‘tion and multiple complications. 

Comment: These two interesting cases suggest some 
basic points of consideration in the postoperative man- 
agement of hepatic injury. In Case 1, hyperbilirubinemia, 


Weight of Liver Post Moriem 


Patient No. Gm. 


i 4240 
3500 
3050 
2750 
2750 
2000 
2000 
1800 
1650 
1100 


TABLE 12. 
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sepsis, and biliary extravasation diagnosed by T-tube 
cholangiogram, should alert the surgeon to a possible 
diagnosis of hepatic sequestration or necrosis which 
would certainly necessitate re-exploration. In this case, 
necrosis was found and resection performed with an ex- 
cellent result, 

In Case 2, an abnormal T-tube cholangiogram with 
associated hyperbilirubinemia and sepsis should have 
similarly alerted the surgeon to the possibility of hepatic 
sequestration. The presence of an abdominal biliary 
fistula and non-filling of a large segment of the biliary 
tree was allowed, however, to progress to a pleural cu- 
taneous fistula. Certain cardinal signs that may represent 
necrosis such as fistula, sepsis, and hyperbilirubinemia 
should initiate an aggressive approach before more se- 
vere complications develop. 

Also, the associated presence of a diaphragmatic injury 
with delayed sequestration will significantly increase mor- 
bidity. 

Case 3. A 26-year-old soldier sustained a gunshot wound to the 
abdomen in the Republic of Vietnam on 22 September 1969. 

Abdominal injuries consisted of an avulsion of the right lobe 
of the liver near the bed of the gallbladder. The patient under- 
went a right hepatectomy, cholecystectomy and choledochostomy 
drainage. T-tube cholangiogram postoperatively revealed pooling 
of dye in the lateral right upper quadrant. No signs of sepsis or 
abnormal liver function were present. One month later a repeat 
cholangiogram was normal and the T-tube was removed without 
incident. 

Comment: This instance reveals an isolated biliary fist- 
ula devoid of sepsis or hyperbilirubinemia treated suc- 
cessfully without operative intervention. Crosthwait, 
Murga and DeBakey* described 17 cases with excessive 
drainage of bile for 2 weeks or longer and in one patient 
bile was drained for 65 days. All of these fistulas healed 
spontaneously with conservative management. Again 
these probably represented uncomplicated isolated biliary 
fistulas which can be treated expectantly rather than those 
cases associated with sepsis and significant hepatic necro- 
sis. 

Case 4, A 19-year-old soldier sustained fragmentation wounds 
of the abdomen in the Republic of Vietnam. During surgery a 
through and through wound of the right lobe of the liver was 
noted, Active bleeding was not present at time of exploration. 
Several sutures were placed and a T-tube inserted. Post op- 
eratively the patient had a massive intra-abdominal hemorrhage. 
He was returned to surgery the following day where he sus- 
tained a cardiac arrest and was resuscitated successfully. Re- 
exploration revealed an actively bleeding liver wound necessi- 
tating a 30 per cent resection. The remainder of his post operative 
course was uneventful. 

Comment: This unusual situation may have been the 
result of sustained hypotension during operation or the 
presence of an intrahepatic clot which had temporarily 
tamponaded the bleeding point. All hepatic wounds 
should be thoroughly explored and normotension should 
be present before closure of the abdominal cavity. Su- 
tures placed in a non-bleeding hepatic bed may be haz- 
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ardous, and initiate bleeding by tearing through hepatic 
| parenchyma. Lobar hépatic artery ligation may control 
hepatic hémorrhage to the point that resection becomes 
unnecessary. 

Case 5. A 19-year-old soldier sustained a gunshot wound of 
the abdomen in the Republic of Vietnam on 10 July 1968; Celi- 
otomy revealed a through and through laceration of the right Jobe 
of the liver which was treated by closure of the liver wound and 
re-enforced. with falciform ligament. Three small bowel perfora- 
tions and a colon injury were also present. Postoperatively he de- 
veloped a wound infection. A diagnosis of falciparum malariae was 
entertained because of persistent temperature elevation. His fever 
failed to respond to anti-microbial and anti-malarial therapy and 
an exploratory laparotomy was performed 3 weeks after the initial 
operation to rule out a subphrenic collection. No intra-abdominal 
abscess was found at this time. Again, his condition continued to 
deteriorate due to the primary problem of sepsis. Five days later 
at reoperation an intrahepatic abscess was discovered and drained. 
Following operation the patient became oliguric, he developed 
respiratory insufficiency and succumbed. 

Comment: This case points out certain basic princi- 
ples in the management of hepatic injury. No liver 
wound should be simply closed. Any high velocity injury 
should be debrided aggressively regardless of surface ap- 
pearances of the liver and left open with adequate ex- 
ternal drainage. Severe hepatic necrosis may be present 
intrahepatically without being obvious by superficial ex- 
amination of the liver surface. Before re-exploration be- 
cause of diagnosed sepsis, evaluation for an intrahepatic 
abscess should be done with the aid of a liver scan, 
cholangiogram, or arteriography. As in this case an intra- 
hepatic abscess may not be obvious at the time of ex- 
ploration and it may even be necessary to needle the 
liver. 

Case 6. A Sergeant E-5 was wounded by small arms fire in the 
Republic of Vietnami on 5 October 1966. He sustained fractures 
of the radius arid ankle, laceration of the brachial artery, and a 
fragment wound of the right anterior chest with hemopneumo- 
thorax. Initial treatment consisted of tube thoracostomy, debride- 
ment of the chest wall; repair of vascular injury and reduction and 
immobilization of fractures, On 8 October 1966 the chest tube was 
removed and X-ray studies showed what was. thought to be a 
right middle lobe atelectasis. The patient had a febrile course 
with dyspnea and abserit breath sounds on the right, consistent 
with a consolidated right middle lobe. On 11 October a chest tube 
was reinserted because of complete opacification on the right and 
2000 ce. of clear green fluid were aspirated. The patient responded 
well following this procedure and on 16 October the chest tube 
was removed. 

One week later, that patient underwent exploratory operation 
because of recurrent bile thorax. A large defect of the right hemi- 
diaphragm was closed and the liver laceration was debrided. Fol- 
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lowing operation a biliary fistula was present for 9 days but 
closed spontaneously, The remainder of the course was benign 
except for the orthopaedic and rehabilitation follow-up. 

Comment: This case is an excellent example of an oc- 
cult hepatic injury. All penetrating injuries of the lower 
chest should strongly be considered as intra-peritoneal 
and possibly involving the liver on the right. It has been 
shown during forced expiration that the diaphragm may 
be at the level of the 4th intercostal space. 

This problem of intra-peritoneal injury following a 
chest wound should be thought of, especially, after a high 
velocity missile wound because of the significant energy 
wave dissipated distal to the missile tract. Bile thorax 
should prompt early operative intervention to close the 
diaphragniatic defect, with drainage instituted below the 
diaphragm to prevent any further serious pulmonary 
complication. 

Discussion 

Two important concepts concerning hepato-biliary 
surgery need further emphasis: the rational of T-tube 
drainage and the question of hepatic sequestration. 

We retrospectively comp ared the relationship of T-tube 
decompression to four major complications: abscéss, pul- 
monary, GI bleeding, and. biliary fistula. Our statistical 
analysis showed no significant difference in the compli- 
cation rate with respect to biliary decompression. We 
did, however, demonstrate a definite increased abscess 
formation associdted with extensive hepatic injury. A 
treid may also exist for increased stress ulceration as- 
sotiated with this group of extensive hepatic trauma but 
no increase of pulmonary pathology or biliary fistula for- 
mation was present. 

Lucas and Walt! reported that an increased morbidity 
and mortality rate existed iri 18 patients with choledo- 
chostomy or cholecystostomy compared to 76 similar 
cases. 

Table 13 shows a comparison of their randomized study 
with our Vietnam results. It is obvious that the number 
of patients studied in the Lucas and Walt group of com- 
plications (abscess, pulmonary, or GI bleeding) is too 
small for any serious prediction, and further sampling is © 
needed, but a suggestion of an increased complication 
rate in the choledochostomy or cholecystostomy group 
is present. Our patient evaluation is in contradistinction 
to the Lucas and Walt group. 

From our material three survivals and seven deaths 
with traumatic hepatic sequestra have been added to the 


TABLE 13. Lucas & Wali—Vietnam 


. Patients Standard 
Intra-abdominal abscess (and 
intrahepatic abscess) 8 0 
GI Bleeding 3 0 
Pulmonary © 6 i 


Biliary 
Drainage 


Biliary 


Drainage Patients Standard 


8 38 31 7 
3 15 113 2 
5 31 24 7 
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literature. Turrill, Donovan and Facey? have discussed 
this problem in five cases following blunt trauma. Per- 
sistent fever, unresponsive to conservative therapy, has 
proved to be the most common denominator of this 
complication. T-tube cholangiogram was very helpful 
in these cases either showing extrahepatic or intrahepatic 
extravasation. The problem could further be elucidated 
by the use of a liver scan. Longmire’? points out in a 
study of 25 deaths from liver trauma five patients who 
show extensive necrosis of hepatic tissue post mortem. 
This also is substantiated in the evaluation of our deaths 
which showed severe necrosis of hepatic parenchyma in 
seven of 10 cases studied. 


Summary 

Two hundred fifty four patients with penetrating 
wounds of the abdomen were studied, All patients were 
injured by either multiple fragment or gunshot wounds 
in the Republic of Vietnam. A significant percentage of 
associated abdominal organ injury (70%) and thoracic 
involvement (45%) was present. Operative procedures 
consisted primarily of suture and drainage (84%) and 
debridement or resection (16%). 

The major complication rate was 40 per cent. This in- 
cluded infection, 33 per cent, and pulmonary difficulties, 
12 per cent, as the prime source of complication. No dif- 
ference in complication rate was discerned based on in- 
stitution of T-tube decompression. 

The high incidence of hepatobiliary pleurocutaneous 
fistula, in the biliary fistula group, has been discussed. Em- 
phasis on maximal drainage procedures, especially with 
associated diaphragmatic laceration, is pointed out. He- 
patic sequestration, another interesting finding pertinent 
to hepatic trauma, was evaluated in three re-operative in- 
stances and seven deaths in which this finding was pres- 
ent. Unexplained sepsis, hyperbilirubinemia, and extra- 
vasation of contrast material aid in diagnosing this 
complication. Liver scintogram has been mentioned as 
helpful. Six cases from our overall study were presented as 
examples of specific errors in management and interest- 
ing problems arising from the surgical treatment of he- 
patic wounds. 

During this initial study we have been able to increase 
our registry of patients with hepatic injury to well over 
500 cases. 
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In Vitro Extracorporeal Liver Slices and Cell Suspensions for 


XIsTING methods for extracorporeal hepatic support 
E are complex, inefficient and some technics have 
proven hazardous to the donor. 

This report describes our current attempts to design 
and test liver cell suspensions and thin liver slices in 
various extracorporeal perfusion chambers to provide 
hepatic assistance. 

Historical 

Previous attempts to construct an artificial extracorpo- 
real liver utilizing slices or cells have all employed di- 
alysis with a membrane separating liver cells from the 
animal or patient’s blood. 

_ In 1956 Sorrentino™® used fresh calf liver homogenate 

on an extracorporeal dialysis circuit with equivocal re- 
sults in this pioneer effort. His aim was to remove salicy- 
lates and quinine. 

Kimoto? dialyzed blood from ammonia intoxicated or 
functionally hepatectomized dogs across a cellophane 
membrane against blood from normal dogs or against 
_ dialysis solution. Because he also used ion exchange resin 
it is difficult to evaluate his laboratory or clinical results. 

Mikami" and later Nose1*1* placed fresh or frozen 
liver slices and dried liver granules in a 10 liter tank 
against which they dialyzed blood from dogs and patients 
in hepatic failure. 

We! have recently summarized in more detail these 
early attempts to use liver cells or slices in extracorporeal 
perfusion units. None of these devices was shown to be 
consistently effective. 
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Recently Opolon?® cross-circulated the hemodialysis 
fluid from animals and patients in hepatic failure into a 
hemodialysis chamber of a normal animal. He has docu- 
mented neurologic and metabolic improvement despite 
no significant prolongation of survival. 


Experimental Studies 


Perfusate: a) Asanguineous perfusion was performed 
using 75% McCoy's Culture Media and 25% frozen homol- 
ogous swine serum freed of lipoprotein by freezing and 
passing through a blood donor filter. Added to the two 
liter perfusate was 50 ml. 50% Dextrose and 10 mEq. KCI. 

b) Whole Blood Perfusion—ACD_ blood 
was heparinized (1 mg./100 ml.) and diluted with 
physiologic saline to a final hematocrit of 35%. 

c) Continuous Cell Separation—Anticipat- 
ing possible use of a cell free (plasma) perfusate in 
vivo we tested in vitro a device (Celltrifuge)* which 
by centrifugation constantly separated cells from plasma. 
The undamaged cells were returned to the plasma on the 
distal end of the perfusion unit. 

Circuitry: The various perfusate units were inserted 
into a circuit consisting of a Cole-Parmer Pump, 3/16” 
LD. silastic tubing, a heat exchanger (Travenol Heat 
Exchanger for Organ Perfusion 5M-03-31) and a mem- 
brane oxygenator of our own design capable of delivering 
up to 20 ml. Oo/min.? A collapsible silastic envelope 
(100 ml.) served as a reservoir, sampling area and bubble 
trap. Temperature was kept at 35-37° C, flows at 100-150 
ml./min,: arterial Poz at 250 mm. Hg and pH 7.15-7.44. 
Volume of the perfusate varied with the liver unit tested 
but was usually two liters. Figure 1 illustrates the cir- 


cuitry. 
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CIRCUITRY OF IN-VITRO LIVER PERFUSION 
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Fic. 1. Perfusion circuitry—in vitro 


Pump 


Test of Functions: Crude screening of liver cell viability 
before, during and after in vitro perfusion experiments 
lasting up to 24 hours involved light and electron micros- 
copy and Trypan blue exclusion studies. Such gross 
determinants are obviously insufficient precisely to evalu- 
ate the delicacies of complex liver function. It is surpris- 
ingly difficult to find a simple means for repetitive quanti- 
tation of sophisticated liver cell function. Clearance 
studies such as those employing an ammonia load are 
inexact since the loaded material might disappear in 
the oxygenator or simply adhere to the liver cells or 
its containing circuitry. Glucose and glycogen content 
varies widely depending on degree of hypoxia and many 
other factors. Intracellular enzyme (GOT) or potassium 
release only reflects cell damage. Neither do measure- 
ments of reticulo endothelial (Kupfer) cell function 
such as Rose- Bengal disappearance necessarily reflect 
the metabolic status of far more oxygen sensitive hepa- 
tocyte synthesizing systems. 

The best guides to hepatocyte function in such a sys- 
tem are measurements of the specific biochemical con- 
jugates of loaded substances such as bilirubin or 
aminopyrine? Measurement of urea otea is another 
good test of liver cell function. 

Throughout the various studies pH, afferent and 
efferent Pos and Pcoz were monitored. We also variously 
monitored potassium concentration, ATP, galactose 
(after loading) and bilirubin. 

Preparation of Liver Slices: The liver was sterily ex- 
cised from anesthetized (25 mg./Kg. intravenous Sodium 
Pentobarbital ) heparinized (5 mg./Kg.) pigs. With a 
cannula in the portal vein the excised liver was washed 
with 1.5-2.0 liters of iced (+10° C) heparinized Ringer’s 
lactate solution buffered. to pH 7.4 with Sodium Bi- 
carbonate to which Novocain (450 mg./1) was added. 
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The essentially asanguineous cold liver placed on a 
sterile surface was cut into 0.5-2.0 mm. thick slices of 
maximum surface area using a Brown-Blair hand 
dermatome. As each slice was cut it was immediately 
immersed in cold lactate solution until it could be placed 
in the perfusion chamber. With practice the cold 
ischemia time could be about 20 minutes. — 

Preparation of Single Cell Suspensions: After many 
preliminary studies using chelating agents and various 
proteolytic enzymes, technics? employed in liver cell 
culture were employed to prepare single liver cell 
suspensions with maximum viability and function. Vi- 
ability of the single cells was roughly quantitated by 
counting 100 cells for Trypan blue exclusion.* The prob- 
lem is to disassociate cells with the least trauma. 

The excised heparinized pig liver was perfused with 
1% Trypsin in 500 ml. of saline at room temperature 
through the portal vein and hepatic artery'for 15 minutes. 
The hepatic venous outflow tract was variously occluded 
to assure contact of the proteolytic enzyme diffusely 
throughout the liver. The liver was immediately cut 
into pieces 2-5 cm. diameter with a scalpel and gently 
pressed through a brass screen with 0.5 mm. interstices. 
The single cell and clumped material was immediately 
suspended in measured volumes of McCoys tissue culture 
medium. Concentration of the cell suspension and per 
cent viability of the fresh cells was recorded. 

Aminopyrine metabolism and urea production in a 
whole perfused liver was performed for comparison with 
liver slice effectiveness. A one gram load of Aminopyrine 
was used in two whole liver perfusions. 


Perfusion Units 

Mark I. Liver Slices on Dacron Sling (13 expts). 

This device (Fig. 2) consisted of 9-18 stacks of thin 
(0.5-2.0 mm.) slices of fresh pig liver placed one above 
the other in a 14 cm. long X 14 cm. diameter acrylic 
cylinder filled with perfusion fluid or blood. The liver 
slices rested on slings of Dacron sheet (pore size 2.0 
mm.) sewn circumferentially to O-rings of acrylic 1 cm. 
thick. 

Eighteen trays of liver slices were housed in the Mark 
I perfusion unit and contained approximately 250 Gm. 
of liver. | 

The perfusion solution (blood or McCoys) enters from 
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the bottom and passes over the liver slices to an outlet 
near the top. 

Streamlining of perfusate to bypass the liver slices 
must be avoided by crowding the liver slices so as 
maximally to cover each Dacron sling. In fact once 
perfusion is started the thin slices of liver float between 
the restraining Dacron sheets and are thus in contact 
on both sides with the flowing perfusate. 

Pilot studies with Trypan blue injected into clear 
perfusate demonstrated the flow pattern which provided 
diffuse contact with the slices of liver. 


Mark II, Liver Slices on Perforated Plastic Discs (9 
expts ). 

To avoid sewing Dacron sheeting to O-rings the Mark 
II (Fig. 3) device substituted solid plastic (acrylic) 
discs as inserts to restrain the liver slices. Each disc 
was perforated (6 mm. diameter) over one-half (180° ) 
its surface for passage of the perfusate. By placing the 
solid portion of one plate opposite the perforated portion 
of the one above and below, the perfusate was forced 
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in a zig-zag pattern from one side of the cylindrical 
chamber to the other assuring maximum contact with 
the liver slices and avoiding inefficient streamlining. 

To simplify placement of these solid discs within the 
perfusion chamber an inner cylinder was designed to 
hold the discs. Hinged along one end the inner cylinder 
opens sufficiently to allow insertion of the solid discs 
with their overlying liver slices. 

In practice the Mark II was inferior to the Mark I. 
Resistance to flow around the perforated plates was 
great and the perfusion of the liver slices was poor. 


Mark III. Single Cell Suspension in Tall Chamber (3 
expts. ) 


A series of units (Mark I-XII) were next con- 
structed using single cell suspensions of liver cells rather 
than liver slices. Our aim was thus to provide maximum 
cell surface in contact with the perfusate. The chief prob- 
lems were: a) how best to prepare single cell suspensions 
with optimum cell viability and b) how to keep the 
cells within the perfusion chamber—a matter of filtration. 

The Mark III chamber was 55 cm. high Xx 7.5 cm. 
inside diameter. Twenty-five per cent cryoprecipitated 
plasma and 75% McCoys Culture Media were used as 
the perfusate. Cells were held within the chamber by 
eight micron Millipore filters backed by a firm metal 
screen at the top of the chamber. 

Although most of the liver cells would keep to the 
lower part of the chamber by gravity, flow rates greater 
than 100 ml./min. brought cells to the top which soon 
clogged the filter. 


Mark IV. Single Cell Suspension with Back-Wash 
Chamber (3 expts ). 

In order to unclog the filter of the Mark III, an 
additional chamber was provided at the bottom of the 
Mark IV unit (Fig. 4). Intermittent back-wash cleared 
the filter to some degree but this system and variations 
of back-wash were not practical. 
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Mark V. Single Cells in Tall Column (5 expts). 


Because the filter system was inefficient in Mark IV, 
attempts were made to utilize gravity filtration in a 
very long column in Mark V (Fig. 5). This consisted 
of a 500 ml. glass bottle holding the liver cells sur- 
mounted by a tall 130 cm. long glass column. Oxygenated 
perfusate entered the bottom of the bottle containing 
the liver cell suspension and exited the top of the column. 

Though slightly more efficient than Mark IV in keep- 
ing the cells within the chamber, the cells continued to 
escape the system or clog the filter when one was in- 
serted., 


Mark VI. Mark V plus Glass Bead Filter (3 expts). 


Two additions were made to the Mark V. The first 
was a 20 cm. column of glass beads designed to trap 
liver cells inserted immediately above the 500 ml. beaker 
containing the cell suspension. The second was a mag- 
netic stirring rod within the chamber which when placed 
over a rotating magnet kept the cell suspension from 
settling. 


Mark XI. Tall Column Glass Beads and Sponge (5 
expts ). 

In an effort further to improve the filtration character- 
istics of the Mark VI unit, the column was made 100 cm. 
long filled with glass beads (Fig. 6), and a stainless 
steel sponge as used in commercial bubble oxygenators 
placed at the top of the column. 
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Mark IX Glass Beaker Topped with Swank Filter (2 
expts ) (Fig. 7). 


Cells were suspended in a 500 ml. glass Erlenmeyer 
Flask fitted with a glass side-arm for perfusate entry. 
A Swank filter was used to trap the cells at the exit. 
A magnetic stirring bar kept the suspension from settling. 

This filtration system was ineffective, soon becoming 


clogged with hepatocytes and blocked further flow. 


Mark XII. Collapsible Column with Sponge Filter (2 
expts ). 

The 20 cm. long column of a commercially available 
Travenol bubble oxygenator which is topped by a stain- 
less steel sponge was used as the liver cell suspension 
perfusion chamber in Mark XII. 

None of these units (Mark V, VI, XI, XII) succeeded 
in restraining all the liver cells in the chamber during 
long perfusions and were totally inadequate when whole 
blood rather than plasma was used as perfusate. 
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Mark X. Counter-current Air in a Bubble Oxygenator 
(10 expts ). 


The liver cell suspension was placed in Travenol 
Organ Perfusion Units (Perfuso Pac U300E) or modifi- 
cations of a bubble oxygenator (Travenol Miniprime 
Total Body Oxygenator 3#LF) (Fig. 8). The cells rested 
on the nylon filter that is a part of these units. It was 
hypothesized that two factors would keep the liver cells 
within this perfusion unit: 1) the countercurrent stream 
of air bubbles, 2) the stainless steel sponge. In other 
experiments we added a Swank filter” to this circuit. 

Although the Mark X was the most efficient unit em- 
ploying free cell suspensions it too was ineffective in 
keeping the suspended liver cells within the device even 
when we used plasma perfusates. It was totally in- 
effective when whole blood perfusate was employed 
due to the inappreciable difference in density between 
hepatocytes and erythrocytes. 

For these reasons we abandoned use of single liver 
cell suspensions and turned to other methods for fixing 
single cells or clumps. 


Liver-Cell Agar Studies 


These studies employed single liver cells trapped in 
thin layers of agar. There was sufficient exchange of 
metabolites through the agar to support metabolism of 
the cells yet the agar kept the cells fixed within the 
perfusion unit. Liver cell agar suspension was made by 
mixing 100 Gm. of liver cells prepared as described 
with 100 ml. of cold 25% swine serum in McCoys solu- 
tion. This suspension was warmed briefly to 45° C and 
stirred into 50 ml. of 2% agar (Ionagar) at 55° C. The 
mixture was kept in a 40° C water bath. 
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Mark VII. Agar Suspensions on Plates (3 expts). 


After careful cleaning 9 x 10 cm. glass plates were 
coated with hot 1% Ionagar in water. This priming coat 
was allowed to dry and then autoclaved prior to use. 

The liver cells suspended in agar prepared as previ- 
ously described were spread on the glass plates either 
by dipping into the warm mixture or with a glass rod. 
The liver cell-agar layer was approximately 4 mm. 
thick. 

The coated slides were inserted into a slotted per- 
fusion chamber filled with perfusion fluid (either 
oxygenated plasma or whole blood). Approximately 
90 Gm. of liver cells could thus be applied to the 16 
glass plates. 

We discontinued use of this unit (Fig. 9) because it 
had a limited liver cell capacity. 


Mark VIII, Liver-cell Agar Mixture in Long Tubes 
(5 expts). 


In order to utilize more liver cells the hepatocyte-agar 
suspension was extruded in long (spaghetti-like) tubes. 

One millimeter inside diameter silicone tubes 100 cm. 
long were coiled in iced saline. The warm liver cell-agar 
suspension was pumped through this tube with a 
IMICO D-4644 P-1 pump at 20-25 ml./min. In 30 
minutes 750 ml. of the agar suspension containing 300 
Gm. of liver cells could thus be pumped through the 
tubing. As the semi-solid tubes emerged they were 
suspended in oxygenated perfusion solution and placed 
within the perfusion chamber (Fig. 10). 
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The perfusion unit consisted of a central chamber 
(2000 ml.) containing the coiled packed tubes of liver 
cells and agar. Stainless steel screens kept the tubes 
of agar and liver within the unit. A dependent afferent 
chamber containing a magnetic stirring bar served to 
spread the perfusate diffusely over the overlying liver 
agar tubes. A similar efferent chamber at the top allowed 
settling and return of any liver cells that escaped the 
agar gel. Although Trypan blue exclusion reflected 
gross liver cell viability in these agar-liver cell units 
there was minimal evidence of effective urea synthesis. 


Mark XIII. Liver Slices on Rotating Discs (4 expts). 


This perfusion chamber (Fig. 11) used a 33 cm. long, 
27 disc Kay-Cross Disc Oxygenator.* Perforated acrylic 
discs were substituted for the standard stainless steel 
discs used in oxygenating blood and the glass column 
was placed vertically so that the thin liver slices floated 
between the plastic discs. The entire chamber was 
filled with perfusate. Blood or asanguineous perfusate 
entered the chamber at the top and filtered over the 
slowly (20 rpm) rotating discs and liver slices. The 
electric motor was modified to drive the vertical unit. 


Results 
Only a few of the many biochemical studies in repre- 


sentative perfusion units are presented. 


Mark I. Urea Production McCoys + Serum Perfusate 


Without ammonia loading the liver slices produced 
22.0 + 0.9 mg. total urea nitrogen during a 12-hour 


SOYER, LEMPINEN AND EISEMAN 


Ann. Surg. « April 1973 


perfusion. The substrate presumably was the amino acids 
in the perfusate. Without liver slices there was no urea 
production by the perfusion circuit. 

In four experiments three loads of 0.125 Gm. of 
ammonium nitrate was given at hour 1, 6 and 11. Mean 
total urea nitrogen production was 38.1 + 1.5 mg. at 
the end of 12 hours. Comparison of urea nitrogen pro- 
duction without liver and the two perfused liver studies 
is graphically illustrated in Figure 12. 

GOT during the 12-hour perfusion rose to three times 
normal levels in six hours and four times normal in 12 
hours. There was an insignificant rise in lactate (from 
74.5 mg./100 ml. to 97 mg./100 ml.) during 12 hours sug- 
gesting only moderate anerobic metabolism and cell dam- 
age. This impression of adequate viability and function 
was confirmed by light and electron microscopic exami- 
nation of liver after 12-hour perfusion. 


Urea Production — Blood Perfusate 


In two experiments urea production was measured 
with 1800 ml. fresh heparinized whole swine blood. Two 
loads of amino acids were given at 2 and 6 hours, Mean 
total urea nitrogen production was 38 mg. at the end 
of 12-hour perfusion. 
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Galactose Clearance — McCoys Serum Perfusate 


In four experiments 3 Gm. of galactose was added to 
the system during acellular perfusion. Loading was at 
1, 5 and 10 hours and galactose concentrations were de- 
termined at 15-minute and hourly intervals thereafter. 
As shown in Figure 13, five hours after the first load the 
mean clearance was 29%, after the second 20% and it had 
dropped 14% when the load was given 10 hours after 
start of perfusion. The liver slices were viable but visibly 
tiring. 

As in the ammonia loading studies K* concentration 
did not change appreciably (15.5 mEq/1 at the beginning 
and 16.4 mEq/l at the end of the study). GOT concen- 
tration had only risen to 200 units at 12 hours compared 
to 185 units at the start. Lactic acid rose slightly (60 
mg./100 ml. to 98 mg./100 ml. ). 


Blood Perfusate 


In two experiments galactose clearance was measured 
using 1250 ml. fresh heparinized whole swine blood di- 
luted with 800 ml. McCoys Medium as perfusate. As 
illustrated in Figure 13 clearance was minimal. After the 
first 5 hours clearance was only 15%. 


200 GALACTOSE CLEARANCE 
ARTIFICIAL LIVER 


150 






© 
O 
3gr Galactose 





GALACTOSE mg % 


a Perfusate: blood 
a Perfusate: serum 





7 8 9 10 1 12 


1 2 3 4 5 6 
HOURS 


Fic. 13. Galactose Clearance in Mark I. 


TEMPORARY HEPATIC SUPPORT 


399 


Mark II. Blood Perfusate 


In two experiments a 150 mg. load of BSP was added 
to the blood perfusate during 12 hours. Total BSP con- 
jugation was 12.5 mg.’ 


Mark X. Urea Production 


In all liver cell suspension experiments there was al- 
most immediate rise in urea during the first hour of 
perfusion. Urea production slowed and stopped after the 
fourth hour (Fig. 14). 


Mark XIII. 


In the one experiment urea production was constant 
during the 12-hour perfusion resulting in a total urea 
nitrogen of 87.0 + 4 mg. This compared with a total of 
132 mg. of urea nitrogen produced by an excised whole 
liver perfused via the portal vein and hepatic artery 
during a 12-hour period. The Mark XIII unit containing 
400 Gm. thus produced 66% of the urea produced by a 
whole liver of equivalent weight. The Mark XIII was 4 
times as effective as the Mark I in urea production. 

Aminopyrine Metabolism (1 expt). One Gm. of amino- 
pyrine was given after 15 minutes of the perfusion. Blood 
concentrations of both aminopyrine and its two meta- 
bolites (4-Aminoantipyrine and N-Acetyl 4-Aminoanti- 
pyrine were measured? at the end of 12 hours perfusion. 
Total amount of the two metabolites was 6.84 mg. and 
26.25 mg. (Fig. 15). 

For comparison in two experiments the excised whole 
liver perfused through the portal vein and hepatic artery 
produced 132 mg. total urea nitrogen. When 500 mg. 
of Aminopyrine was added to this control preparation 
22.7 mg. 4-Aminopyrine and 32.0 mg. 4 N. Acetyl-4 
Aminoantipyrine were produced in 12 hours. 


Urea Production (blood perfusate). 
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~The Mark XIII containing approximately 50% by 
weight of the whcle perfused liver was 30%-60% as meta- 
bolically effective. 


Discussion 


The ultimate purpose of these experiments is to find 
a simple and safe means to provide extracorporeal hepatic 
assistance for patients with potentially reversible hepatic 
failure. Whole liver perfusion’ is at best a complicated 
procedure that requires a massive team effort and is not 
effective for more than short periods. 

Whether use of liver slices or hepatocyte suspensions 
in an extracorporeal chamber will be better than a per- 
fused whole liver remains to be proven. Certainly it is 
simpler. The only way to compare their benefits is to de- 
sign and construct an efficient perfusion unit and try it. 

From the variety of devices described it is obvious that 
we devoted a largely wasted effort in devising a unit that 
could utilize an acellular perfusate. A constant flow of 
oxygenated plasma perfusate can be provided by the 
Celltrifuge but none of the units we were able to design 
adequately restrained the liver cells within the perfusion 
apparatus. Similarity in density and size of hepatocytes 
and erythrocytes makes it essentially impossible to utilize 
whole blood perfusate and single cell suspensions. At one 
time we thought that embedding the liver cells in agar 
might be an adequate way to restrain them within the 
perfusion chamber but although grossly viable hepatocyte 
resulted function was not impressive. 

In these studies with single cell suspension it was our 
constant impression that cells in contact with each other 
seemed to function better than isolated cells in suspen- 
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sion. This is an extremely difficult hypothesis to prove for 
the simple act of separating the cells—no matter how 
much care was used—it could cause damage and interfere 
with their subsequent function. Even though we used the 
gentlest cell dispersion technics hepatocytes in suspension 
were less metabolically active than those in thin slices. 


It is possible® that intercellular contact improves 


function. 

Extracorporeal liver perfusion devices will be vastly 
simpler if whole blood can be employed rather than 
an acellular perfusate. This in turn probably dictates 
using liver slices and the major effort’ of these experi- 
ments has been working out the best design of such a 
unit, Tissue slices no more than 0.3-0.5 mm. thick can 
be nourished by diffusion’ and we have demonstrated 


how broad sheets of liver tissue can thus be prepared 


and kept metabolically active. 

The best current unit, Mark XIII, contains 420 Gm. 
of liver tissue that functions for at least 24 hours—this 
being the arbitrary end point of the current studies. If 
such a volume of hepatocytes can thus be kept func- 
tional this should be sufficient for metabolic support. 


Conclusions 


1) Thirteen devices have been constructed and 
evaluated in vitro, designed to utilize either thin slices 
of liver or liver cell susperisions for extracorporeal as- 
sistance in reversible liver disease. 

2). Units using liver cell suspensions were finally aban- 
doned because cell function was not as efficient as with 
thin liver slices; because retention of cells in the unit 
could not be achieved;. and because of the complexities 
of using constant plasma separation from erythrocytes. 

3) Optimum tests of these units involve gross quan- 
titation of cell viability with Trypan blue exclusion, urea 
synthesis and measurement of aminopyrine degradation 
products. | 

4) The best design to date (Mark XIII) utilized 420 
Gm. of thin (0.5-1.0 mm. ) liver slices resting on rotating 
perforated plastic discs within a cylindrical perfusion 
chamber. Function of liver slices in this unit is 30%-60% 
of an analogous whole normal liver perfusion. 
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Upper Gastrointestinal Bleeding Associated with 
Biliary Diversion after Hepatic Injury 


N 1963 surcicAL drainage of the biliary tract was pro- 
I posed as an important adjunct to the management 
of hepatic trauma.!® It was postulated that T-tube 
drainage of the common duct would effectively decom- 
press the biliary tract, thereby avoiding the complica- 
tions caused by biliary extravasation. It was assumed 
that the biliary decompression procedure would itself 
cause minimal morbidity. Subsequently, external biliary 
diversion (EBD) has been used frequently after ex- 
tensive hepatic trauma. However, recent reports indi- 
cate that EBD after liver injury is associated with a 
significant morbidity and, in addition, is associated with 
an increased incidence of acute gastrointestinal hemor- 
rhage.510.1216 Confirmation of these findings would 
raise serious question as to the advisability of EBD 
after hepatic injury. For this reason an analysis of our 
experience with 81 consecutive hepatic injuries was 
undertaken. 


Clinical Material 


During the 9-month period from December, 1969 to 
August, 1970, 3638 major operations were performed at 
the 24th Evacuation Hospital at Long Binh, Vietnam. 
Eighty-one (2.2%) involved the liver. Sixty of the 81 
patients with liver injuries were U.S. military service 
personnel between 18 and 30 years of age. The re- 
mainder were South Vietnamese and Thai soldiers and 
civilians in the same age group. The quality of treatment 
was the same for all patients. Patients who died before 
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reaching the operating room were excluded from study. 
Observations were made on all patients concerning the 
resuscitative measures required, the type of liver injury 
and associated injuries, the operation performed, the type 
of drainage used, the postoperative course and compli- 
cations and, in those who died, the cause of death. Se- 
lection of treatment was determined by the operating 
surgeon. Lobar and sublobar (resectional debridement ) 
resections were performed when indicated to control 
severe hemorrhage and to remove devitalized liver. 

The average length of stay at the evacuation hospital 
was 13.3 days. Follow-up information was obtained from 
Japan on all patients who had major hepatic injuries. 
Forty per cent of the injuries were caused by either blunt 
trauma or high velocity missiles and 94% of these patients 
had multiple injuries. The high incidence of multiple in- 
juries was caused by the large number of multiple frag- 
ment wounds (60%), high velocity missile injuries (21%) 
and blunt trauma (19%). The most common associated 
injuries were wounds of the chest which occurred in 49 
(61%) patients. 


Results 


Twenty-one (26%) of the 81 patients died as a result 
of their injuries (Table 1). Only 14 (17%) of these 
deaths were attributable to the hepatic injuries (Table 
2). Five patients died intra-operatively from hemorrhage. 
Of the 76 patients who survived the initial operation, nine 
subsequently died of complications related to the hepatic 
injuries. 

Fourteen (18%) patients underwent major hepatic re- 
section and nine of these received T-tube drainage of the 
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TABLE 1. Mortality in 81 Consecutive Hepatic Injuries 
Number 
Mode of Injury Injured Died Per Cent 
Low Velocity Missiles 49 8 16 
High Velocity Missiles 17 8 47 
Blunt Trauma 15 5 33 
Total 81 21 26 


common duct. Six patients died in the postoperative 
period after resection and, of these, four died of hepatic 
and/or renal insufficiency. Two additional deaths were 
associated with acute gastric hemorrhage. 

External biliary drainage was employed in 22 (29%) 
of the 76 patients who survived the initial operation. 
Drainage by a T-tube was used in 21 patients and 
cholecystostomy was used in one. None of these patients 
received bile salt replacement. Acute upper gastroin- 
testinal hemorrhage (requiring replacement of more than 
2000 cc. of blood) occurred in seven (32%) of the 22 
patients with external biliary drainage. None of these 
patients had central nervous system injuries. Only one 
(2%) of the 54 patients without T-tube drainage de- 
veloped acute upper gastrointestinal hemorrhage (Fig. 
1). This patient had a cerebral contusion and a small 
fracture of the right lobe of the liver which was treated 
by suture and drainage. Ten patients without EBD had 
large hepatic injuries and five underwent lobar resections. 
None of these patients developed upper gastrointestinal 
hemorrhage. There were no associated injuries of the 
stomach or duodenum in any of the patients who bled, 
and none of the patients bled through the T-tube. The 
mean time of onset of bleeding was the 7th postoperative 
day with a range from 3 to 22 days. 

Gastrointestinal hemorrhage contributed to the death 
of two patients and was the primary cause of death in 
two other patients. Acute erosive gastritis was found in 
the two patients who underwent autopsy and in one 
patient who underwent partial gastric resection. One 
patient died of a subhepatic abscess after accidental dis- 
lodgement of a T-tube from the common duct and, in 
addition, a second patient died of hepatic insufficiency 
complicated by common duct obstruction owing to a 


TABLE 2. Primary Causes of Death in 81 Consecutive Hepatic Injuries 





Cause 





Hemorrhage 5 
Renal Failure 3 
UGI Hemorrhage 2 
Hepatic Insufficiency 2 
Hepato-renal Syndrome 1 
Abdominal Infection 1 
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FIGURE 1 


clot in the proximal limb of the T-tube. T-tube chol- 
angiography failed to demonstrate the source of obstruc- 
tion in this patient. 


Discussion 


Foster first noted an apparent association between 
upper gastrointestinal hemorrhage and major hepatic re- 
section in eight patients who had received external biliary 
drainage.’ Lucas!! found an increase in morbidity and 
mortality in 18 patients with EBD when compared to 76 
patients without EBD. In a prospective randomized 
study, Lucas reported an increase in the incidence of 
gastric bleeding in patients who had EBD after hepatic 
trauma.!®™!? Pinkerton'® also emphasized the association 
between upper GI hemorrhage and EBD in the 31 pa- 
tients studied and recommended the avoidance of rou- 
tine biliary tract decompression. 

In the present study seven (32%) of the 22 patients 
with EBD developed upper GI hemorrhage which re- 
quired treatment, while only one (2%) of the 54 patients 
without EBD bled, confirming the association between 
upper gastrointestinal bleeding and EBD after hepatic 
injury. However, from the present study the relative im- 
portance of EBD and the degree of hepatic injury cannot 
be determined. The group with EBD had more serious 
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injuries and yet more than half (29) of the patients 
without EBD were classified as seriously injured and 
were high risks to develop stress ulcers, including five 
patients with major hepatic resections. A comparison of 
the two groups strongly suggests that EBD may have 
increased the susceptibility of the severely injured pa- 
tients to develop upper gastrointestinal hemorrhage. The 
severity of hepatic injury probably does not explain the 
increased bleeding as it was a rare complication of 
hepatic injury before the routine use of EBD.*:18 


Effectiveness of Biliary Diversion 


At present, there is no experimental evidence to sup- 
port the assumption that T-tube drainage of a normal 
common duct lowers intrahepatic biliary pressure or 
reduces bile extravasation from an adequately debrided 
and sutured liver. Lane® found that fewer dogs with 
EBD died of hemorrhage after an unsutured standard 
hepatic injury than similar dogs without EBD. As these 
wounds were not debrided and sutured, the applica- 
bility of this model to the postoperative problems of 
bile extravasation and intraabdominal infection is ques- 
tionable. 

Wasowski’® observed no significant histopathologic and 
histochemical differences in cats after sutured hepatic 
injuries with and without biliary drainage. Lucas™ 
studied the effect of EBD on intrahepatic pressure in 
dogs and found that it neither decreased intrahepatic 
pressure nor altered morbidity and mortality following a 
debrided and sutured standard hepatic injury. 


Pathogenesis of Bleeding 


Although the mechanism by which EBD after hepatic 
injury may increase the susceptibility of the severely in- 
jured patient to stress bleeding is not known, it is rea- 
sonable to speculate that diversion of the biliary stream 
may be significant. Hawkins and Whipple® first de- 
scribed spontaneous bleeding as one of the important 
abnormalities which develops in dogs with bile fistula 
completely deprived of bile for 3 to 5 months. In later 
work the cause of bleeding was ascribed to a deficiency 
of prothrombin resulting from a deficiency in vitamin 
K, a fat-soluble vitamin which requires bile salts for 
intestinal absorption.’ In the present study, upper gas- 
trointestinal bleeding occurred from 3 to 22 days (mean 
onset of the 7th day) after operation and was not as- 
sociated with bleeding from other sites. Routine clotting 
studies, including prothrombin levels, were performed 
only if generalized bleeding occurred after multiple 
transfusions of stored blood. 

Diversion of the bile from the duodenum is known 
to cause gastric hypersecretion.’ Breen? found that 
choledochojejunostomy in dogs is associated postop- 
eratively with hypersecretion of gastric acid whereas 
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choledochoduodenostomy and choledochodochostomy are 
not. Lucas!’ recently found a greater incidence of stress 
gastric bleeding in patients with choledochostomy than 
with cholecystostomy. In that study biliary drainage av- 
eraged over 300 cc./24 hours with choledochostomy and 
less than 100 cc./24 hours with cholecystostomy, suggest- 
ing that the incidence of stress bleeding may be related 
to the amount of bile diverted from the duodenum. 

Stress ulcers occur primarily in the stomach and may 
be due, in part, to increased “back diffusion” of hydro- 
gen ion into the mucosa after disruption of the normal 
mucosal barrier.t818 In addition recent studies have in- 
dicated that increased back diffusion of hydrogen ion 
may potentiate the mucosal injury resulting in bleeding 
and ulceration.*:!* In the presence of back diffusion of 
H* marked gastric hypersecretion due to biliary di- 
version may not be demonstrable since the gastric mu- 
cosa cannot retain H* within the lumen of the stomach. 
Nevertheless, by superimposing a high acid load on a 
mucosa incapable of retaining H* in the lumen, the de- 
gree of muocsal injury may be markedly enhanced. 
Therefore, increased secretion of gastric acid after di- 
version of the bile from the duodenum may potentiate 
injury to the gastric mucosa under stressful conditions. 


Summary 


1. During a 9-month period, 81 consecutive hepatic 
injuries were treated at the 24th Evacuation Hospital in 
Vietnam. 

2. Seven (32%) of the 22 patients with external biliary 
drainage after hepatic injury developed upper gastro- 
intestinal bleeding while only one (2%) of the 54 pa- 
tients without EBD bled. 

3. There is no clinical or experimental evidence to sup- 
port the assumption that T-tube drainage of a normal 
common duct lowers intrahepatic pressures or reduces 
biliary extravasation from a debrided and sutured liver. 

4, It is postulated that biliary diversion may increase 
gastric acid secretion thereby increasing the susceptibility 
of the severely injured patient to stress ulcer bleeding. 
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Compensatory Hypertrophy of the Lateral Quadrant of the Left 
Hepatic Lobe Due to Atrophy of the Rest of the Liver, 
Appearing as a Mass in the Left Upper Quadrant of 


the Abdomen: 


Report of a Case 


TOSHIHARU TSUZUKI, M.D.,* YOSHIHISA HOSHINO, M.D.,* 


Ms: in the left upper quadrant of the abdomen 
present diagnostic problems in daily clinical prac- 
tice. The majority of these masses are splenomegaly due 
to various causes, pancreatic cyst and pseudocyst, and 
tumors of the stomach and colon as well as the kidney. 
Recently, a case of compensatory hypertrophy of the 
lateral quadrant of the left hepatic lobe due to the atro- 
phy of the rest of the liver, which appeared as a mass 
in the left upper quadrant of the abdomen, was discov- 
ered in a patient at Keio University Hospital. This report 
concerns the details of the clinical manifestations and 
diagnostic procedures. 


Case Report 


A 30-year-old man visited the Outpatient Clinic of Internal 
Medicine of the Keio University Hospital on December 4, 1970, 
with the chief complaint of epigastric discomfort. The patient had 
a palpable mass in the left upper quadrant of the abdomen and 
was recommended for admission. He had had slight jaundice and 
palmar erythema since childhood and had undergone operations 
for left gynecomastia and hemorrhoids 2 and 3 years before, 
respectively. On admission, a physical examination revealed a 
slightly icteric young man, 170 cm. tall and 56 Kg. in weight. 
There was no significant abnormality in the face, neck and thoracic 
wall except for a scar in the left breast. The abdomen was flat 
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and flaccid. Vascular spiders were observed but the vein in the 
abdominal wall was not distended. The mass in the left upper 
quadrant of the abdomen felt smooth, had a rounded edge and 
was elastically hard in consistency. The lower border was situated 
3 cm. above the umbilical line and the medial border was one 
half finger breadth beyond the middle line. The mass was con- 
tiguous with the left costal arch and the fingers could not be in- 
serted between the mass and the left costal arch. Hemorrhoids 
were not observed but palmar erythema was marked. Blood cell 
analysis revealed a hemoglobin value of 14.0 Gm./100 ml., white 
blood cell count was 6600 cubic mm. and platelet count 
106 x 10% per cubic mm. Urinalysis showed no abnormality. 
Liver function test disclosed an elevated value of bilirubin of 
3.6 mg./100 ml., consisting of 1.9 mg./100 ml. of direct and 1.7 
mg./100 ml. of indirect bilirubin. Cephalin cholesterol floccula- 
tion test and zinc tubidity test were normal. Alkaline phosphatase 
was 21.0 King-Armstrong units and serum glutamic oxyaloacetic 
transaminase and serum glutamic pyruvic transaminase were 141 
and 111 Karmen units respectively. Electrocardiogram was nor- 
mal. Chest X-ray film showed no abnormality. In order to es- 
tablish an accurate diagnosis of the mass, several examinations 
were performed. Scintigram with radiogold delineated the angu- 
lated shadow, about which the radiologists could not make a 
definite diagnosis (Fig. 1). Serial frontal tomography of the 
abdomen, pneumoperitoneum and renal angiography revealed that 
a normal left kidney was present and could be distinguished from 
the mass. Plain film of the abdomen showed that the gas in the 
hepatic flexure of the colon was present in proximity to the right 
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Fic. 1. Scintigram with radiogold. Note angulated shadow. 


hemidiaphragm. X-ray film of the stomach and duodenum in- 
dicated that the bulbar portion of the duodenum lay very close to 
the right hemidiaphragm. Cholecystography with telepaque re- 
vealed a gallbladder shadow under the right hemidiaphragm. 
Barium enema X-ray of the colon revealed that the left half of 
the transverse colon including the splenic flexure was depressed 
from above and the hepatic flexure was situated under the right 
hemidiaphragm. 

Selective celiac angiography revealed that the left hepatic artery 
was enlarged and elongated and the right hepatic artery was not 
visualized. In addition, the gastroduodenal artery deviated to the 
right. The spleen was slightly enlarged with a normal vascular 
pattern and an elongated artery was delineated from the splenic 
artery along the shadow of the tumor. An accurate identification 
of this artery could not be made (Fig. 2). 

Percutaneous transsplenic splenoportography showed that the 
portal vein was patent with regurgitation to the left gastric and 





Fic. 2, Selective celiac angiogram. The left hepatic artery is en- 
larged and elongated and the right hepatic artery is not visualized. 
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Fic. 3. Percutaneous transsplenic splenoportogram. The portal vein 
of the right lobe of the liver is very small and the portal vein of 
the left lobe is not visualized. 


inferior mesenteric vein. The portal vein of the right lobe of the 
liver was visualized and was very small, suggesting that the right 
lobe was very small. The portal vein of the left lobe of the liver 
was not visualized (Fig. 3). X-ray film of the esophagus showed 
that the esophageal varix was present from the cardia to the mid- 
dle thoracic esophagus. Esophageal fiberscopic examination con- 
firmed this finding. Despite numerous examinations, a definite 
diagnosis could not be established and exploratory laparotomy was 
performed. 

An upper middle line incision extending from xyphoid process 
to 3 cm. below the umbilical line was performed. It was found 
that the mass was the lateral quadrant of the left lobe of the liver. 
It had a slightly rugged surface with normal color. The rest of 
the left lobe and the right lobe were small, 3 cm. in thickness, and 
presented a salmon-pink color with smooth surface. Four islet- 
like nodules with normal color and smooth surface, from the tip 
of small finger to thumb in size, were present; one was in the 
right lobe and three were in the medial half of the lateral por- 
tion of the left lobe. The gallbladder was flaccid and of normal 
size (Figs. 4, 5). Since the disease was entirely different from 
tumor and was presumed to be of a congenital origin, three speci- 
mens were taken from the salmon-pink part of the left lobe, an 
islet-like nodule and the lateral quadrant of the left lobe and 
the abdomen was closed without further dissection of the hepatic 
pedicle. 

The histologic examination of the specimen taken from the 
liver presenting salmon-pink color disclosed a proliferation of 
bile ducts and connective tissue with the infiltration of lymphocytes 
and the almost complete disappearance of the hepatic cells. The 
capsule of the liver had a prominent undulated appearance due to 
the marked shrinkage of the hepatic tissue (Fig. 6). The histologic 
examination of the specimen taken from the lateral quadrant of 
the left lobe revealed that the hepatic cells showed a two-cell 
thickness arrangement with occasional binucleated cells. Signs of 
slight chronic inflammation were seen in the portal space (Fig. 7). 
Histologic examination of the specimen taken from an islet-like 
nodule showed regenerating nodules surrounded by the connec- 
tive tissue with proliferated bile ducts (Fig. 8). 
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Fic. 6. Low power view of the specimen taken from the salmon- 
pink area. Note prominent undulation of the capsule due to 
marked shrinkage of the hepatic tissue. (Elastica-Van Gieson ) 


and esophageal fiberscopy but the findings remained unchanged 
without hematemesis or melena. A scintigram with 131I rose 
bengal was performed on June 16, 1971, to elucidate the bile 
passage. The liver, gallbladder and duodenum were delineated 
in the scintigram taken 1% hours following the injection of 1°31] 
rose bengal (Fig. 9). The findings indicate that bile is excreted 
through the biliary tract into the duodenum but the excretion 
is retarded as compared with normal people. The patient has 
been well since without any sign of hepatic deterioration observed 
in liver function tests and is working as a clerk. 

The most recent follow-up survey was performed in the middle 
of May, 1972. Blood cell analysis revealed a hemoglobin value of 
Fic. 4, Operative findings. The mass proved to be the lateral 14.9 Gm./100 ml. and white blood cell count of 6700 per cubic 

quadrant of the left hepatic lobe. mm. Liver function tests showed a slightly elevated value of 
bilirubin of 2.1 mg./100 ml., consisting of 1.1 mg./100 ml. of 
direct and 1.0 mg./100 ml. of indirect bilirubin. Cephalin chole- 
sterol flocculation test and zinc turbidity test were normal. 





Based on these findings, it was concluded that the mass was 
the lateral quadrant of the left lobe of the liver, which under- 
went compensatory hypertrophy as the result of the atrophy of 
the rest of the liver. The patient had an uneventful course and 
was discharged on February 1, 1971. 

Thereafter the patient was followed-up in the Outpatient 
Clinic. The esophageal varix was examined serially by X-ray films 
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Hypertrophic part Fic. 7. Photomicrograph of the specimen taken from the lateral 
ene quadrant of the left lobe. Note the hepatic cells with a two-cell 


Fic. 5. Schematic representation of the operative findings. thickness arrangement. (H-E, x 350) 
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right half of the picture. (H-E, x 170) 


Alkaline phosphatase was 18.8 King-Armstrong units. Serum 
glutamic oxyaloacetic transaminase and serum glutamic pyruvic 
transaminase were 88 and 75 Karmen units respectively. A scinti- 
gram taken 1% hours following the injection of 131I rose bengal, 
delineated the liver, gallbladder, duodenum and jejunum (Fig. 
10). The findings indicated slightly retarded excretion of bile 
without change in the size of the liver but the bile excretion has 
improved as compared with the findings presented in the previous 
scintigram. The esophageal varix shows no sign of deterioration. 


Discussion 


The first problem to be discussed is whether this dis- 
ease entity is atrophy or hypoplasia. Although Morgen- 
stern’ reported a case of hypoplasia of the right lobe 
without a description of the histologic findings, the pres- 
ent case was presumed not to be hypoplasia but atrophy 





Fic. 9. Scintigram with 131I rose bengal taken 5 months after 
operation. Gallbladder and duodenum are delineated, indicating 
slightly retarded excretion of bile. 
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Fic. 10. Scintigram with 1311 rose bengal taken 1 year and 4 
months after operation. Gallbladder, duodenum and jejunum are 
delineated, indicating improvement of the bile excretion as com- 


pared with Fig. 9. 


because the lateral quadrant of the left lobe showed 
compensatory hypertrophy, and the wrinkling undula- 
tion of the capsule was assumed to be due to the dim- 
inution of hepatic parenchyma after the completion 
of structural integrity. 

Atrophy of the liver is a rare disease. However, Benz’ 
reported 32 cases of atrophy of the left lobe recorded in 
a 30-year period at the Mayo Clinic. According to this 
report, the causes of atrophy were obstruction of the 
bile ducts in 12 cases, obstruction of portal vein in six 
cases, long standing malnutrition in six cases and no 
significant pathologic findings were observed in the re- 
maining six cases. 

Emery? reported a case of degenerative atrophy of the 
left hepatic lobe in a newborn. The cause of atrophy 
was ascribed to sudden diminution of oxygen content 
in the circulatory route of the left lobe. However, atro- 
phy of the right lobe has not been reported. 

In the present case, numerous examinations were per- 
formed to establish an accurate diagnosis and to elucidate 
the pathogenesis of this rare disease entity. 

Past history of slight jaundice and palmar erythema 
since childhood suggests a congenital origin. However, 
transsplenic splenoportography revealed that the portal 
vein was patent and had no congenital anomaly, although 
the left intrahepatic portal vein was not visualized. Se- 
lective celiac angiography did not help us establish an 
accurate diagnosis. The right hepatic artery was not 
visualized but this sign is not always pathognomonic be- 
cause the origin of the right hepatic artery emanating 
from the superior mesenteric artery could not be con- 
firmed. Although slight jaundice was present since 
childhood and the biliary passage was not examined 
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along its entire length at the time of operation, obstruc- 
tion of the biliary passage was not believed to be the 
cause of the disease entity because the bile excretion 
was demonstrated on scintigram by use of 131I rose 
bengal. Concerning the pathogenesis of the islet-like 
persistence of nornial hepatic tiissue, no cogent explana- 
tion could be presented. 

Dissection of the hepatic pedicle was intentionally 
avoided to minimize the operative time because of the 
small capacity of the liver and to avoid accidental in- 
jury of the vital tissues within the hepatic pedicle. Con- 
cerning the prognosis for the patient, no one can fore- 
tell exactly. Follow-up of the patient is the sole answer 
to this problem. 


Summary 


A case of compensatory hypertrophy of the lateral 
quadrant of the liver due to atrophy of the remaining 
hepatic tissue, which appeared as a mäss in the left quad- 
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rant of the abdomen, is presented. Four islet-like nodules 
were scattered in the atrophic part of the liver. The 
atrophic part was histologically characterized by the dis- 
appearance of the hepatic cells and the proliferation of 
bile ducts with fibrosis. The hypertrophic part was his- 
tologically composed of the normal hepatic cells with a 
two-cell thickness arrangement. The islet-like nodules 
were shown to be regenerative nodules by histologic ex- 
amination. Despite numerous examinations, pathogene- 
sis could not be elucidated. 
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Emergency Splenic Vein-Right Atrial Shunt for Massive 
Esophageal Hemorrhage with Cirrhosis of Liver and Inferior 


Vena Cava Occlusion: 


Report of an Operation and Follow-up. 


E. M. LUTTWAK, I. CHARUZI, A. LICHT, H. FREUND, J. B. BORMAN 


HE KNOWN surgical procedures for decompression of 
Tite portal system by portacaval shunts in patients 
with portal hypertension are unsuitable in cases of in- 
ferior vena caval obstruction. 

Fonkalsrud et al.’ inserted, successfully, in 1965 a 
teflon graft between the splenic vein and the left in- 
ferior pulmonary artery in an end to end fashion. Legèr 
et al? in 1966 bridged the splenic vein to the left in- 
ferior pulmonary vein with a teflon graft. Lataste and 
Albou? in 1971 reported bridging the splenic vein to the 
right atrium with a dacron graft in an H fashion, without 
splenectomy, but the patient failed to survive. 

We wish to report a successful splenic vein-right atrial 
shunt using an autologous abdominal varix as a free vein 
graft for the emergency treatment of portal hypertension 
with bleeding gastroesophageal varices in a patient with 
inferior vena caval occlusion. 


Case Report 


This operation was performed in a 30-year-old man, who was 
first admitted in 1969 for investigation of azospermia. At this 
first admission the following findings were noted: varicocele, 
varicose veins on both legs, splenomegaly, leucopenia, thrombo- 
cytopenia, reduced prothrombin time and gastroesophageal varices 
on X-rays. An inferior venocavogram revealed complete occlu- 
sion of the inferior vena cava at diaphragmatic level by a con- 
genital membrane; hepatic veins were not demonstrated. The 
patient was readmitted September 1971 because of recurrent 
gastrointestinal bleeding from esophageal varices. At this point 
surgical intervention was decided upon for relief of the inferior 
vena caval occlusion. The patient was connected to extracorporeal 
circulation and the membrane in the inferior vena cava approached 
via the right atrium. The membrane was opened, but during this 
procedure the retrohepatic inferior vena cava was torn and prob- 
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ably occluded during the repair. Two months later the patient 
developed ascites and again started bleeding repeatedly and mas- 
sively from esophageal varices. Accordingly it was decided to 
carry out an emergency porto-systemic shunt as a life saving 
procedure, in order to relieve the pressure in the portal system. 
The patient was operated upon December 7, 1971, through a 
midline thoraco-abdominal incision. In the peritoneal cavity ascitic 
fluid was found in large quantities. In the greater omentum and 
retro-peritoneum large varices were noted. The liver was small 
and contracted, giving the macroscopic impression of macro- 
nodular cirrhosis. The spleen was huge (weight 1800 Gm.). 

Following splenectomy the splenic vein was dissected along 
the pancreas up to its confluence with the inferior mesenteric 
vein. Unfortunately the splenic vein proved to be too short for 
a direct anastomosis to the right atrium. A huge varix, 15 cm, 
long and 1 cm. in diameter, which was seen at the hilus of the 
spleen was dissected back to behind the left kidney and ligated 
at this point. After preparing this varix as a free vein graft, the 
patient was heparinized and the vein graft anastomosed end-to- 
end to the splenic vein in the abdomen. Then the vein graft was 
pulled through a cruciate incision in the left diaphragm and 
anastomosed to the right atrium (Fig. 1). Great care was taken 
to avoid any tension or tortuosity on the vein graft and to avoid 
constriction at diaphragmatic level. At the end of the procedure 
the portal system pressure measured in the splenic vein had 
dropped from a preoperative level of 35 cm. water to 15 cm. 
water. 

Postoperatively the patient showed striking clinical improvement 
with regression of the ascites and the esophageal varices as proved 
by repeated esophagograms. Nine weeks after operation the pa- 
tient is at home and well, and has not bled since. 


Comment 


In the presence of portal hypertension and obstruc- 
tion of the inferior vena cava at diaphragmatic level, 
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Fic. 1. Position of vein graft between splenic vein and right atrium. 


Rt. A. = Right Atrium 

P.V. = Portal Vein 

Sp. V. = Splenic Vein 

S.M.V. = Superior Mesenteric Vein 
I.M.V. = Inferior Mesenteric Vein 


decompression of the portal system can only be ac- 
complished by draining the portal system into the sys- 
temic circulation above the diaphragm. 

The natural site for draining the portal system in these 
cases is the right atrium and the ideal procedure is a 
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splenic vein-right atrial anastomosis. In the above-dc- 
scribed case the splenic vein was too short for a direct 
anastomosis and it was obvious that a bridging procedure 
was necessary. In general, prosthetic materials are in- 
ferior to autologous vessels in the low pressure venous 
system. Theoretically, autologous long saphenous vein 
may be used but its diameter is small for the large flow 
through the portal system. The varix in the patient's 
abdomen was “tailor-made” as a bridging graft, both 
from the point of view of size (diameter and length ) 
and autogenicity. 

The patient’s postoperative clinical improvement, the 
cessation of bleeding and the marked regression of 
esophageal varices on esophagogram provide indirect 
evidence that the graft is patent. As the flow is large, the 
diameter of the graft adequate and the run-off excellent, 
there is every chance of the graft functioning for a 
lengthy period of time. 


Addendum 


Patient was last examined on February 5, 1973, 14 
months after operation. He is well, has no ascites, nor 
peripheral edema and is carrying on his normal activi- 
ties. 

During the past year, he suffered two episodes of 
upper gastrointestinal bleeding, which responded well to 
conservative therapy. Esophagogram showed marked 
reduction in the size of varices. 
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Results in 107 Hepatic Lobectomies with a Preliminary Report 
on the Use of a Clamp to Reduce Blood Loss 


LTHOUGH the first successful resection of a primary 
A malignant tumor of the liver was performed by 
Liicke® in 1891, during the succeeding six to seven dec- 
ades surgical treatment of the liver has remained largely 
within the scope of wedge or partial resection. The rea- 
son for the lag in hepatic surgery among all abdominal 
operations might be attributed to the following three fac- 
tors: namely, 

(1) The surgical inaccessibility of the liver 

(2) The vital functions of the liver precluded large 
excision for fear of lethal consequences. 

(3) The liver per se constitutes a huge vascular sponge 
which is friable with a great capacity for bleeding, not 
easily controlled by conventional clamping or ligating 
technics. 

In 1898 the anatomical structure of the liver was 
clarified by Cantlie' and hepatic lobectomy by the so 
called “control method” became feasible since then.8 19-12 
Presently, hepatic lobectomies are often reported in the 
literature and hepatic surgery has emerged to be- 
come an important part of general surgery. In the “con- 
trol method” of hepatic lobectomy, the hilar structures 
of the liver such as the left or right hepatic artery, portal 
vein and the hepatic ducts are individually exposed, li- 
gated or snared extrahepatically prior to transection of 
the interlobar septum. The procedure is similar to that 
employed in pulmonary resection and for the most part 
is theoretically and practically effective. However, dis- 
section of the porta hepatis to identify the ramifications 
of the hepatic artery, the portal vein and the hepatic duct 
might be extremely difficult or impossible when a huge 
hepatoma is compressing and covering the hilar area or 
when the hepatoma is tightly adherent to the stomach 
and the transverse colon. If surgeons run the risk of dis- 
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secting these structures under such conditions, unneces- 
sary injuries, hemorrhage or air embolization may occur. 
For the aforementioned reasons Lin,*® in 1954, proposed 
a method of hepatic lobectomy by means of finger frac- 
ture dissection of the liver tissue with intrahepatic liga- 
tion of the vascular and ductal structures. The author® 
has since performed 82 consecutive procedures of hepatic 
lobectomy for primary carcinoma of the liver by this 
technic. It has proved to be a simple and safe method 
as reflected in its low surgical mortality (12.1%) and re- 
duced requirement for blood transfusion during opera- 
tion. 

Nevertheless, the finger-fracture technic is by no means 
a perfect method of controlling bleeding. During the 
period of finger insertion or liver tissue fracturing, there 
still is considerable unnecessary bleeding that may re- 
quire rapid replacement of blood by pumping with full 
speed to overcome the drop in blood pressure. During 
this particular period a sense of insecurity often plagues 
the surgeon. To overcome this handicap of finger-frac- 
ture dissection technic, the author devised a new technic 
of bloodless hepatic lobectomy and found it to be most 
ideal and satisfactory. 

In this report the technical detail and the advantages 
of this new surgical approach is described, pitfalls are 
discussed along with the presentation of the results of 
past experiences in 107 hepatic lobectomies. 


Technic 


(1) The liver is exposed through an upper transverse 
incision. A satisfactory operative visual field can not 
be obtained through the longitudinal median incision. 
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This transverse incision is best placed at the upper edge 
of the abdomen, otherwise the exposure of the liver 
could be hindered by the emergence of the transverse 
colon, intestines and so forth through the abdominal 
wound (Fig. 1). 

(2) If the tumor is located in the right lobe, the left 
half of the transverse incision is opened, (and vice versa ) 
first to insert a hand into the abdominal cavity to ex- 
amine the presence or absence of cirrhosis, contralateral 
lobe metastatic nodules and also to determine the extent 
of the disease. If the tumor is found to be resectable, the 
transverse abdominal incision is then extended to either 
side and an additional thoracotomy is placed on the 
side of tumor bearing lobe. The diaphragm should also 
be split if necessary. However, right or left hemihepa- 
tectomy could be easily accomplished solely through the 
abdominal incision without thoracic extension in chil- 
dren. 

(3) The triangular, falciform and coronary ligaments 
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are divided to free the affected lobe from the diaphragur 
The round ligament is also divided and clamped. Trac- 
tion on the cut end of the round ligament may be a help- 
ful maneuver to keep the liver in a suitable position dur- 
ing hepatic resection. 

(4) In case of right hepatic lobectomy, the cystic duct 
and cystic artery should be isolated and transected. The 
gallbladder is left attached to the right lobe (Fig. 1). 

(5) A hepatic clamp (Fig. 2) devised by author is then 
placed on the liver at the anatomic boundary of both 
lobes as described by Goldsmith.’ A section line is made 
about 1.5 cm. aside from the clamp and the Glisson’s 
capsule is incised for insertion of fingers. The tumor bear- 
ing lobe is supported with one hand while the thumb 
and index finger of the other hand are inserted directly 
into the hepatic tissue through the serosal incision near 
the hilum. The liver tissue is fractured and smashed to 
pieces with the fingers and when any resistant vessels or 
ducts are encountered, they are clamped, severed and 


Fic. 1. The right lobe 
is explored by right 
thoracoabdominal inci- 
sion with division of the 
right leaf of the dia- 
phragm. The hepatoma 
bearing lobe is mobilized 
by dividing the ligamen- 
tous attachments and the 
transected lig. teres is 
used for traction. With 
the hepatic clamp placed 
at the anatomical bound- 
ary of both lobes, the 
fingers are inserted di- 
rectly into the liver tis- 
sue. 
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Fic. 2. Photograph shows the hepatic clamp devised by author. 
The toothed side of the clamp should be placed on the anterior 
surface of the liver. 


ligated individually. Manipulation should begin from the 
hilar area because the right or left hepatic artery, hepatic 
branches of the portal vein and the right or left hepatic 
duct can be isolated and divided, intrahepatically. At 
this point, the assistant who holds the clamp should 
exert mild force on the clamp toward the remaining lobe 
so that the toothed-clamp does not slip down from the 
remaining liver as hepatic resection continues (Figs. 1, 
3) 

(6) The technic is continued upward and posteriorly. 
The middle hepatic vein is commonly encountered at 
the middle portion of the resection. Then in the same 
way, the right or left hepatic veins which drain into the 
inferior vena cava can be exposed, isolated, severed and 
double ligated intrahepatically at their diverging points. 
Usually the affected lobe can be completely removed 
almost bloodlessly in about 10 minutes (Fig. 4). 


(7) All vessels are carefully checked and ligated, be- 





Fic. 3. The right branch of hepatic artery, portal vein and right 
hepatic duct are isolated, clamped and divided together intra- 
hepatically after fracturing the liver tissue with fingers. 
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Fic. 4. The right hepatic vein is isolated with the same technic. 
All vascular and ductal structures encountered during the finger 
fracture dissection have already been clamped and divided. 


fore the clamp is released. After a piece of Gelfoam has 
been placed on the raw surface of the liver, a piece of 
omentum is affixed to the subjacent liver margin (Fig. 
5), 

(8) If thoracotomy is undertaken at the time of op- 
eration a waterseal chest drainage tube must be pro- 
vided. An intraperitoneal drain was placed in the sub- 
phrenic space for 1 to 2 days. The common duct was not 
drained. 


Advantages and Precautions of the Proposed 
Operative Methods 


The technics proposed herein constitute one of the 
most feasible, simple and safe technics available at the 
present time. Detachment of the falciform, coronary and 
triangle ligaments is all this technic requires before pro- 
ceeding to actual resection of the liver. Since the extra- 
hepatic vascular and ductal structures do not require 
individual isolation with scrupulous precaution, the op- 
erative time is shortened significantly. Secondly, since the 
short hepatic veins do not require extrahepatic isolation, 
vascular injuries or massive hemorrhage which might be 
caused by this isolation could be avoided. If hepatic re- 
section was done by extrahepatic dissection of large 
vessels, hemostasis would be fairly difficult in case of 
hepatic vein or vena caval injuries because the unde- 
tached huge liver would obliterate the operation field 
and preclude one from applying a large clamp to fore- 
stall hemorrhage. In the proposed technic the thick he- 
patic tissue which has been dissected by finger fracture 
has exposed the vascular system to direct vision. There- 
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Fic. 5. After completing ligation of the vascular and ductal struc- 
tures, the hepatic clamp is released. Any bleeding from the raw 
surface of the liver should be stopped by suture ligature. 


fore, application of clamps to secure hemostasis could 
be easily accomplished. Thirdly, in this technic the liver 
does not require extreme traction and elevation in 
order to dissect the hepatic veins. As a result there is 
no danger of causing cardiac arrest due to vena caval ob- 
struction. 


Blood Replacement 


Since injuries to the larger vessels is less frequently 
encountered by this technic, the amount of blood re- 
placement at operation can be reduced to a minimum. 
We routinely institute two venesections at the ante- 
cubital and the saphenous veins shortly before operation. 
Before the hepatic clamp was used, there was still con- 
siderable bleeding during finger insertion or fracture of 
the liver tissue which usually requires about 500 to 750 
ml. of blood to be pumped in-via both venous lines with 
full speed in order to overcome a drop in blood pres- 
sure, When the hepatic clamp is used, blood loss can be 
effectively controlled and the operator can proceed with 
finger fracture dissection slowly without unnecessary 
tension in an almost bloodless field. Blood replacement 
if required, chiefly compensates the loss from raw sur- 
face of separated adhesions from the diaphragm or 
retroperitoneum. In the past, of course there have been 
some exceptional cases in which large amounts of blood 
were needed, for instance in a sealed-off central bleeding 
hepatoma and/or accidental vena caval tears (5000- 
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7000 ml.). It is of paramount importance that large” 
amounts of blood should be pumped in through an arm 
vein rather than through the saphenous vein in case of 
injuries of the inferior vena cava or hepatic veins. 


Fibrinolysis 

Before hepatic resection is scheduled, prothrombin 
time, coagulation time and plasma fibrinogen level and 
euglobulin lysis time should be determined. Any kind of 
trauma to the liver, including liver resection, may acti- 
vate the fibrinolytic system, deplete fibrinogen and cause 
bleeding. In fact fibrinolysis occurs some times at or 
immediately following hepatic resection despite an ap- 
parently normal coagulation mechanism before opera- 
tion. We have encountered three patients with severe 
fibrinolysis who succumbed soon after resection regard- 
less of administration of large doses of fresh blood, 
transamine (Dailchi Sei Yaku. Epsilon-Aminocaproic 
Acid) and fibrinogen, The first such patient bled consid- 
erably through thoracic and abdominal tube drains after 
operation and was reoperated upon to secure hemostasis. 
However, no definite bleeding point was found and the 
hemorrhage was thought to be due to oozing. A blood 
sample taken at that time revealed that the clot lysed 
within 2 minutes. Transamine, fibrinogen and fresh blood 
were administered. Notwithstanding, the patient died of 
continuous bleeding ultimately. The remaining two pa- 
tients with the same episodes also had unfortunate 
courses even after the administration of fibrinogen and 
blood. Based on the aforementioned experiences, it is 
mandatory to examine the clotting mechanism routinely 
at the end of operation to eliminate the possibility of 
fibrinolysis in order that this complication might be 
prevented and treated in due time. 


Cardiac Arrest 


In this series there was only one adult patient who had 
cardiac arrest during operation because of acute massive 
blood loss from a tear of the vena cava. However, in 
pediatric patients (under 15 years of age) the intra- 
operative cardiac arrest occurred in five of 15 patients 
despite minimal bleeding. The cause of cardiac arrest 
in those children might well be attributed to torsion of 
the small calibre of the vena cava even if scrupulous 
attention seems to have been directed toward careful 
handling of the tumor bearing lobe. Because of this 
hazard in pediatric patients the heart rate is monitored 
through a visioscope and immediate cardiac resuscita- 
tion is instituted as soon as cardiac arrest occurs. The 
lobe must be excised as quickly as possible while the 
external cardiac massage is being done. The first two 
children with hepatoma in this series died of brain 
hypoxia and acute renal failure because the occurrence 
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“apf cardiac arrest was not found in due time and resusci- 


tation was delayed. The remaining three patients were 

` salvaged by continuous cardiac massage instituted im- 

-_ mediately after arrest and rapid completion of hepatic 
lobectomy. 


Vascular and Bile Ductal Problems 


Besides the aforementioned technical precautions on 
hepatic lobectomy there are two more points which 
should be mentioned here. Firstly, since the main 
branches of the hepatic artery, pořtal vein- and bile ducts 
are double ligated en masse, transection of these struc- 
tures must be done 1.5 cm. apart from the ramification of 
either side and ligation is best done after careful dis- 
section of the adjacent hepatic tissue. This procedure is 
of particular importance in pediatric cases in which 
vascular and hepatic ductal calibres are too small to 
facilitate proper identification, We have encountered a 
child in whom a huge right sided hepatoma was excised 
with en masse ligation of the right hepatic vascular and 
ductal structures. As the ligation was placed too close to 
thë point of branching and the.surrounding hepatic tis- 
sué was also not properly dissected, the massive ligation 
caused torsion and obstruction of the left branches of 
hepatic artery, portal vein and hepatic duct. This par- 
ticular patient died 3 days after operation of hepatic fail- 
ure with severe jaundice. The pathologic findings were 
confirmed at autopsy. Secondly, one should also pay at- 
tention to the postoperative formation of bile fistula. 
When more extensive resection is required, the scope of 
resection usually involves parts of the contralateral lobe. 
Often, the bile leaks from the raw surface of the con- 
tralateral lobe through cholangioles which forms a bile 
fistula. Therefore, in case of extensive resection a mat- 
tress suture ligation should also be added to the treat- 
ment of those surfaces. One such bile fistula was en- 
countered in our series. - 

Considering all of the points mentioned above, . this 
technic can be applied simply, safely and almost without 
hemorrhage for reséction of either right or left hepatic 
lobe. 


Complications, Mortality and Postoperative Care 

Of 107 hepatic lobectomies (105 with the old finger- 
fracture technic, two with the new technic), we have 
encountered cardiac arrest in six instances (death in 
two cases), hemorrhage in two (death in one case), 
contralateral hepatic artery, portal vein and bile duct 
obstructions in one instance (death in one case) which 
might be directly related to operation. The operative 
mortality was 3.7%. These complications were avoidable 
if greater precautions had been exercised and in this 
sense the mortality could be further decreased and the 
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feasibility and reliability of this technic could be more 
widely accepted. There were a few more patients who 
succumbed within 30 days after operation but their 
deaths were assumed not to be related to the operative 
technic. The causes of death were hepatic failure in three 
cases, ruptured esophageal varices in one case, suspected 
cerebral cancer embolization in one case and fibrinolysis 
in three cases. Those with fatal hepatic failure were as- 
sociated with moderate liver cirrhosis and generally 
underwent right hepatic lobectomy. They responded well 
for the first 5. days. Deterioration of liver functions en- 
sued from the 6th to 7th postoperative day and then 
they died of hepatic failure within 30 days after opera- 
tion. Rupture of esophageal varices occurred in one pa- 
tient in this series who underwent left lobectomy and 
died of suffocation 7 days after operation. Although not 
proved by autopsy, cerebral cancer embolization was sus- 
pected in one patient who died suddenly 4 days after 
operation with manifestation of spastic paralysis of the 
extremities and deep coma. Fatal hemorrhage due to 
fibrinolysis occurred in three cases as aforementioned. 
Therefore, of 107 cases of hepatic lobectomy, deaths 
occurred in 12 patients within 30 postoperative days re- 
sulting in an overall surgical mortality rate of 11.2% 
(Table 1). 

Aside from the above mentioned type of immediate 
morbidity, postoperative complications by this technic 
were relatively insignificant. In non-cirrhotic group 
there were several less significant complications such as 
pleural effusion on the operated side in seven cases, 
pneumonia in one case, cystitis in one case, bile fistula 
in one case and fever of unknown origin in three cases. 
Whereas in the cirrhotic group, ankle edema, hypo- 
albuminemia and ascites occurred in seven patients with 
six right and one left instance of hepatic lobectomy. 

With regard to post-hépatectomy therapy, nothing par- 
ticular should be mentioned other than general post- 
operative care. Pleural effusions are generally treated by 
one or two procedures of thoracentesis. However, two 
patients with voluminous effusion required water-sealed 
bottle drainage. Fever of unknown origin has been fre- 
quently encountered. Notwithstanding the patients re- 
sponded very well to the administration of prednisolone: 
Postoperative ankle edema or ascites dre mainly due to 
hypoalbuminemia and are alleviated by administration 
of human albumin. In no instance was a T-tube used to 


TABLE 1. Mortality in 107 Hepatic Lobectomtes 
Total Death 
Total no. Death in Death on within Surgical 
Resections Op. Room Istop.day 30 days Mortality 
107 1 4 12 11.2% 
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drain the common bile duct and yet no complication TABLE 3, Liver Cirrhosis and Post-lobectomy Hepatic Failure 


developed by omission of such drainage. 


Results 


From April 1954 through November 1971, 107 hepatic 
lobectomies were performed at the National Taiwan 
University Hospital. In 105, the old “finger fracture tech- 
nic” was used and in two the new technic proposed here- 
with was employed. 

The disease entities in this series were predominated 
by primary carcinoma of the liver in 92 cases; followed 
by severe hepatic trauma in seven cases; metastatic 
hepatic cancer in four cases; benign hepatic tumor in 
two cases; and one case each of hemobilia and hepatic 
stone. 

In regard to the hepatic lobes which were resected, 
there were 55 right and 37 left Iobectomies in primary 
hepatic cancer, and five right and two left lobectomies 
in hepatic trauma. All of the four metastatic cancers of 
the liver and one each of hemobilia and hepatic stone re- 
quired left hepatic lobectomy. Whereas the two benign 
hepatic tumors were treated by right hepatic lobectomy. 

The age of the patients ranged from 19 to 64 years 
with an average of 45.3 years in adults and from 4 months 
to 15 years in children (Table 2). All but one of the 
15 pediatric patients underwent right hepatic lobectomy. 

Highty-eight were males and 19 were females in this 
series. The operative mortality (death related to op- 
erative procedure) and overall surgical mortality (death 
within 30 days after operation) stood at 3.7% and 11.2% 
respectively. 

The most important factor that influences the result 
of hepatic lobectomy is undoubtedly the nature of the 
disease process that requires hepatic resection. But the 
underlying condition of the liver, that is whether or not 
cirrhosis is present, also plays a significant role in the 
results of hepatic lobectomy. As shown in Table 3, in 
those hepatomas not combined with cirrhosis of the 
liver, none of the left hepatic lobectomies and only two 
of 45 right hepatic lobectomies (4.4%) resulted in hepatic 








TABLE 2. Age by Decade in 107 Hepatic Lobectomies 
Benign Tumor, 
Primary Metastatic Trauma & 
Carcinoma Hepatic Benign Liver 
Age of the Liver Carcinoma Disease 
1-10 8 0 3 
~20 4 0 2 
-30 8 0 4 
—40 24 0 2 
-50 23 0 0 
—60 20 4 0 
-70 5 0 0 
= 70+ 0 0 0 
Total 92 4 11 
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Malignant Hepatoma 
Non-cirrhotic Cirrhotic 
Resec- Resec- 
tion Hepatic-failure tion Hepatic-failure 
Cases Cases % Cases Cases % 
Right hepatic | 
lobectomy 45 2 4.4 10 6 60.0 
Left hepatic 
lobectomy 26 0 0 11 3 27.2 
Total 71 2 2.8 21 9 42.8 


failure and death. Whereas, in those patients with hep- 
atomas combined with cirrhosis, three of 11 with left 
hepatic lobectomies (27.2%) and six of 10 with right 
hepatic lobectomies (60.0%) developed hepatic insuffi- 
ciency which led to death in 1 week to 4 months, post- 
operatively. 

As might be expected, the best end results of hepatic 
lobectomy have been obtained in those patients with 
benign hepatic tumors or disease of benign nature. There 
was no single operative death and all of the 11 patients 
have responded well after hepatic resection. In contrast, 
the end results of hepatic lobectomy for hepatic malig- 
nancies have been generally poor. All four patients with 
metastatic hepatic cancer died within 1 year of me- 
tastases. One patient with cholangiocarcinoma survived 
left hepatic lobectomy for 5 years and then died of can- 
cer ‘peritonitis.’ Of 80 patients with primary carcinomas 
of the liver who survived hepatic lobectomy, 53 died 
within 1 year either of cancer recurrence, or of me- 
tastasis, or of hepatic failure. Local recurrence was noted 
in 24 instances (26.0%) in this series, which developed 
mainly from intrahepatic spread to the contralateral lobe 
and usually became manifest within 1 year after opera- 
tion. However, one patient developed hepatoma again 
in the remaining right lobe 8 years after left hepatic 
lobectomy for a hepatoma. In this case, probably it is not 
judicious to say that the original hepatoma in the left 
lobe had spread to the right lobe and slowly grew in 8 
years. More likely it was a new hepatoma that developed 
in the remaining right lobe. 

Metastasis to the lung was noted in 15 patients (18. 7%) 
which manifested as multiple nodular, round shadows in 
chest films. Most of the lung nietastasis developed within 
l year after hepatic lobectomy. In one patient, lung 
metastasis appeared 5 years after hepatic resection. 

Hepatic failure was another cause of late mortality 
and was encountered in 11.9% of patients subjected to 
hepatic lobectomy for hepatoma. 

Nevertheless, hepatic lobectomy for primary carcinoma 
of the liver has yielded survival for 1 to 2 years in ten 
cases, 2 to 3 years in five cases, 3 to 4 years in three cases, 
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TABLE 4. 
Pack Medical 
Group 
Total Cases 81 
Extended right hepatic lobectomy 
Benign 6 
Malignant-primary 10 
Malignant-metastatic 25 
Right hepatic lobectomy 
Benign 6 
Malignant-primary 0 
Malignant-metastatic 4 
Middle hepatic lobectomy / 
Benign 0 
Malignant-primary 0 
Malignant-metastatic 3 
Left hepatic lobectomy 
Benign 
Malignant-primary 4 
Malignant-metastatic 14 
Left partial hepatic lobectomy 
Benign 2 
Malignant-primary 2 
Malignant-metastatic 2 
Survivors* 24 


* Patients living over one year. 


and more than 5 years in nine cases (Table 4).1! At 
present, 18 patients undergoing hepatic lobectomy for 
primary carcinoma of the liver are still alive and well; 
10 within 1 year, two for 2 to 3 years, one for 3 to 4 
years, and five for 5-11 years. 

To date, 47 patients in this series have been eligible 
for 5-year study after undergoing hepatic lobectomy for 
primary carcinoma of the liver. Nine have survived this 
period to give a 5-year survival rate of 19.12. 


Discussion 

The new technic of hepatic lobectomy proposed herein 
is similar to the previously described finger fracture tech- 
nic in its performance, simplicity and safety. In finger 
fracture technic as well as the new technic, detachment 
of the coronary, triangular, and falciform ligaments is 
the only procedure needed before actual hepatic resec- 
tion can be undertaken. Many complicated maneuvers 
are avoided and thus the operation time is reduced. 
Another advantage of both technics is the fact that a 
less amount of blood transfusion is required than that 
of various technics used by other investigators, because 
of less damage to the hepatic artery, portal vein branch 
or hepatic vein during operation. Moreover the new pro- 
posed technic bears another great advantage over the 
previous finger fracture procedure. In the new technic 
a hepatic clamp is applied to the liver before hepatic re- 
section, so that the surgeon can proceed to fracture the 
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Comparison of Results of Major Hepatic Resection 


National 
Taiwan 
Mayo Clinic Lahey Clinic University Total 
17 23 107 228 
i 0 0 7 
3 Q 0 13 
4 0 0 29 
Í 2 7 16 
0 i 55 56 
0 0 5 
0 0 0 0 
2 0 0 2 
1 0 0 4 
0 5 2 10 
5 0 37 46 
0 4 20 
0 5 2 9 
0 3 0 5 
0 4 0 6 
8 5 38 75 


hepatic tissue and isolate the main vascular and ductal 
structures intrahepatically without hemorrhage. The 
feasibility of the finger fracture technic and its new mod- 
ification was reflected in its low operative mortality rate 
of 3.7% with few significant postoperative complications 
in 107 hepatic lobectomies done by these methods. 

The end result of hepatic lobectomy depends largely 
on the nature of the primary disease per se. In a series of 
130 hepatic lobectomies for malignant hepatoma over a 
period of 20 years collected from ten teaching hospitals 
in China, Wang et al.1* reported pessimistically that only 
two patients survived more than 5 years. Conversely, 
Domeiri et al.? reported a 15.6% of 5-year survival rate 
among 32 cases of hepatic lobectomy for primary malig- 
nant hepatic tumors over a 20-year period at Sloan-Kett- 
ering Hospital. 

In our series, the 5-year survival rate of hepatic lo- 
bectomy for 92 cases of malignant hepatoma was 19.1%. 
This may indicate that malignant hepatoma, which has 
been considered as a hopeless disease, can be cured by 
surgical treatment to a significant extent. 

From the experience gained in performing hepatic 
lobectomy for malignant hepatoma we feel several points 
deserve special mention and call for further investiga- 
tion in the future. 

First, hepatoma tends to spread intrahepatically from 
the portal vein system from an early stage of the dis- 
ease. Removal of a hepatoma-bearing lobe might leave 
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some hepatoma cells in the remaining lobe which could 
cause subsequent cancer recurrence. This was evident in 
24 of our 92 cases (26.0%) and constituted the most im- 
portant cause of late death following hepatic lobectomy. 
For the purpose of preventing local recurrence of hep- 
atoma, we have tried one dose of 20 mg. Mitomycin C 
given into the hepatic artery immediately after hepatic 
resection in three patients. One survived 1 year and 5 
months and then died of lung metastasis. The other two 
patients have survived 2 years and 8 months and 3 years 
and 5 months respectively and are still living and well. 
It is felt that local chemotherapy with Mitomycin C 
deserves some further trial. 

Secondly, the lungs are the most frequent site of re- 
mote metastasis in malignant hepatoma. In our patients, 
18.7% developed lung metastasis 2 weeks to less than a 
year after hepatic lobectomy and constituted another im- 
portant cause of late death in surgically treated hepatoma. 
It is presumed that the lung metastasis came from dis- 
lodged hepatoma cells that passed up through the he- 
patic vein into the right heart and then reached the lung. 
Surgical manipulation may actually squeeze out or en- 
hance the dislodging of hepatoma cells through the 
hepatic venous system, Since the hepatic clamp was ap- 
plied at a point before the main hepatic vein drained 
into the vena cava in our new operative method, the dis- 
lodged hepatoma cells might be prevented from migrat- 
ing by the clamp. This new technic might be of value in 
the prevention of lung metastasis. Again, in view of the 
prophylactic effect of hepatic intra-arterial infusion of 
chemotherapeutic agents on local recurrence, we specu- 
late that the same preventive effect for lung metastasis 
might be achieved 'by routine use of systemic intravenous 
infusion of chemotherapeutic agents such as Mitomycin 
C or 5 FU after hepatic resection. 

Third, the problems associated with hepatic lobectomy 
for hepatoma combined with cirrhosis are of interest. 
As mentioned in the foregoing section, hepatic failure 
was noted in none of the left lobes, and only 4.4% of the 
right hepatic lobectomies in non-cirrhotic hepatomas. 
Whereas, 27.2% of 11 left hepatic lobectomies and 60.0% 
of ten right hepatic lobectomies in cirrhotic hepatomas 
resulted in postoperative hepatic failure. The wide dis- 
crepancy in these results might be explained by the fact 
that no effective regeneration of the residual lobe or 
functional improvement over the preoperative levels 
could be expected in cirrhotic patients after hepatic lo- 
bectomy.” The cirrhotic residual lobe would fail to regain 
normal liver function and could even permit hepatic fail- 
ure after loss of a large portion of the liver tissue espe- 
cially in case of right hepatic lobectomy, in which almost 
75% of liver tissue has been removed. Based on these ob- 


LIN 


Ann, Surg. « April 1973 


servations, an index for selection of patients with cirrho-. 
sis for hepatic lobectomy is formulated as follows: He- 
patie lobectomy is indicated for either the right or left 
lobe if the cancer-free lobe is macroscopically normal or `` 
only very mildly cirrhotic; in the presence of moder- -` 
ately advanced cirrhosis, hepatic lobectomy of the left 
lobe but not the right lobe can be performed without 
much danger; in case of advanced cirrhosis’ hepatic lo- - 
bectomy for either lobe is absolutely contraindicated. . 

Fourth, postoperative fibrinolysis presented as a most 
serious complication and threatening problem in hepatic _ 
lobectomy. It occurred despite normal preoperative 
clotting mechanisms, normal plasma. fibrinogen levels, 
normal euglobulin lysis times, and normal prothtombin 
times. There was little effective treatment and patients 
always died once fibrinolysis occurred. Further investi- - 
gation for an effective preventive measure is mandatory. 
At present, early detection of fibrinolysis by frequent 
check of the blood clotting mechanisms during or at 
completion of hepatic lobectomy seems to be most im- 
portant. 


Summary 


A new technic for bloodless hepatic lobectomy is pro- 
posed. With a clamp devised by the author to be applied 
at the anatomical boundary of the hepatic lobes, finger 
fracture dissection of the affected lobes can be performed 
almost bloodlessly with ease. The technical details, ad- - 
vantages and precautions in the use of the method are 
discussed. a 

The results of 107 hepatic lobectomies performed. in. 
the past 17 years are reported. No surgical mortality was 
encountered in 11 patients with benign lesions (trauma 
and tumor etc.) and all are presently living and well after 
operation. Of four patients with metastatic . hepatic 
cancers, none died of operation, but all succumbed to 
cancer recurrence within a year. Of 72 primary carcino- 
mas of the liver, 12 patients died within 30 days and 53 
died within 1 year after operation. Nevertheless, two 
patients survived more than 10 years, three more than 5 
years, one more than 3 years, two more than 2 years.. 
The 5-year survival rate is 19.1%. 


Addendum 


After completion of the manuscript, this special clamp 
has been used for hepatic lobectomy in ten more patients 
with the same promising result of extremely low blood ` 
loss. The experiences obtained from the twelve patients 
(two in the original manuscript and ten after the manu- 
script) seem to support strongly the advantage and 
feasibility of the new technic of utilizing the hepatic 
clamp for hepatic lobectomy. | 
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Lymph Flow from the Colon under Varying Conditions 


ESPITE the obvious importance of the lymphatics in 
D intestinal physiology, their function remains an 
enigma. Our previous work on colonic lymphatics indi- 
cated that they responded in a specific manner to various 
pathologic situations’ and the present report attempts 
to define, in a quantitative fashion, this specific response. 


Method 


The studies on colonic lymph flow were conducted in 
five groups of mongrel dogs, each of similar weight, age 
and sex. The groups were distinguished as follows: 


Group 1—Control 


These animals were normal in all respects except for 
the changes induced during measurement of lymph flow. 


Group 2—Acute Inflammation 


Sterile inflammation was produced by the subserosal 
implantation of talc. A latent period of 1 week was 
allowed for the development of the inflammatory process 
before flow studies were conducted. 


Group 3—Mechanical Bowel Obstruction. 


Obstruction was produced by surgical division of the 
colon with closure of both the proximal and distal ends. 
Flow studies were performed when clinical and radio- 
logic evidence of obstruction was evident. 
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Group 4—Segmental Lymphatic Resection 


The lymphatics and nodes to the segment of colon 
under study were surgically resected by a method pre- 
viously reported.® Flow studies were performed 4 weeks 
later. 


Group 5—Thoracic Duct Ligation 


Transthoracic thoracic duct ligation was performed 
and lymph flow studies were carried out in two sub- 
groups, one 24 hours after duct ligation (early group) 
and one 4 weeks later (delayed group). 

Pathologic changes were induced under Nembutal 
(Pentobarbitol) anesthesia at a carefully selected site 
in the sigmoid colon constant in all animals. Lymph 
flow studies were conducted in five animals in each 
group by subserosally injecting the bowel with 2 ml. of 
Ultra Fluid Ethiodol (UFE) containing chlorophyll. 
Each milliliter of UFE contained 15-20 microcuries of 
131], Total injected activity was calculated. The dogs were 
sacrificed 24 hours after injection, the lymph nodes identi- 
fied, weighed and the radioactive content measured in a 
Nuclear Chicago Automatic Gamma Sample Changer. 
The colon, 10 cm. proximal and distal to the injection 
site, was cut into 1 cm. transverse strips, weighed and 
counted for activity. In the dogs with bowel obstruction 
only the bowel proximal to the division was counted. 
Total injected activity was assessed against recovered 
activity in all the counted tissue. 

In a separate study, the rate of disappearance of "I 
from the bowel wall and the uptake by an adjacent lymph 
node was measured. The methods used, including the 
induction of pathologic changes and the latent periods, 
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were identical to the previous study and again, five ani- 


mals were used in each group. Flow studies. were con- 
ducted under anesthesia. UFE 1°] was injected sub- 
serosally and isotope detectors were placed over the site 
of injection and over one lymph node adjacent to the 
bowel, found in previous experiments to contain a signi- 
ficant quantity of isotope. The detectors, (Simtec Medi- 
cal Detector) had a counting surface of 3.73 mm. The 
disappearance from the bowel wall and the uptake by 
the segmental node were measured simultaneously for a 
5-hour period. 


Results 


Control Group 


Only 55% of the injected isotope was recovered from 
the counted tissue (Table 1). The unrecovered 1] prob- 


ably represented that portion which was systemically 


distributed in the 24 hour period between injection and 
recovery. Of the recovered fraction, 64% remained in 
the colon wall, at or near the site of injection, and 34% 
was recovered from the lymph nodes surrounding the 
inferior mesenteric artery (segmental lymphatics) (Table 
2). Only 2% was recovered in nodes not corresponding to 
the segmental distribution. These lymph nodes were 
located either adjacent to the iliac vessels ot along the 
course of the superior mesenteric artery (non-ségmental 
lymphatics ), The intramural isotope was concentrated in 
an area 5 cm. proximal and distal to the site of injection 
and was maximal within 3 cms. of this point (Fig. 1). 
The disappearance of isotope from the bowel wall was 
plotted as a percentage of the injected dose against the 
time from injection (Fig. 2; Table 3). Within 30 minutes 
of injection there was a decrease of 25% and a further 
fall of 15% by the end of 5 hours. Table 4 is a tabulation 
of the means of the disappearance rates in all the tested 
groups and shows the wide variation among them. This 
wide scatter invalidated statistical significance but did 
demonstrate a trend against which the groups could be 
compared. The uptake of 131 by segmental nodes is 
shown in Table 5. One hundred per cent accumulation 
represented the amount of isotope in the node at the end 


TABLE 1. Per Cent Unrecovered Radioactivity} 24 Hours after 


Intramural Injection 





Control Group 


44.2% 
Inflammation Group 74.0%* 
Intestinal Obstruction Group 64.6%** 
Segmental Node Resection Group 50.0% 
Thoracic Duct Obstruction Group (Early) 44.0% 
Thoracic Duct Obstruction Group (Delayed) 45.0% 


Difference significant from control group 

*» < 0.001 

** p < 0.01 

t Unrecovered radioactivity refers to the difference between total 
injected isotope and that recovered from counted tissue. 
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TABLE 2. Distribution of Recovered Radioactivity 
Nodes 
Non- 
Group Bowel Segniental Segmental 

Control 64% (+7) 34% (+6) 2% (+1) 
Inflammation 50% (+10) 46% (+9) 4% (+3) 
Obstruction 62% (413) 35% (+12) 3% (42) 
Segmental node | 

Resection 85% (+10) —- 15% (+10) 
Thoracic Duct 

Ligation (early) 74% (+5) 25% (+6) 1% (+1) 
Thoracic Duct 

Ligation l 

(delayed) 15% (+11) 22% (+9) 3% (+2) 


Percentage expressed as mean. 
Numbers in brackets indicate standard error of mean. 


of 5 hours. Again, a wide variation was seen among the 
five dogs in each group but the rapid accumulation within 
the first minute after injection was constant and averaged 
74%. A further 13% reached the node at the end of the 
first hour and another 13% in the subsequent 4 hours: 


Acute Inflammation Group 


In all animals a marked acute, sterile, grafulomatous 
inflammatory reaction was induced by the iinplantation 
of talc. In this. case only 26% of injected isotope was re- 
covered (Table 1). The difference in recovered activity 
in groups 1 and 2 was highly significant (p < 0.001). 
The distribution of recovered activity also differed from 
controls (Table 2). Fifty per cent remained in the bowel 
wall, almost all concentrated within 2 cm. of the injection 
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of injection. 


site (Fig. 1). There was an increased uptake by seg- 
mental nodes but no difference in the content of non- 
segmental nodes compared to controls. The bowel wall 
disappearance rate was accelerated, particularly in the 
period between 3 and 120 minutes (Fig. 2, Table 3). 
The uptake by the regional node did not differ from 
that of other groups. 


Mechanical Bowel Obstruction Group 


In the presence of established colonic obstruction the 
isotope recovery accounted for 35% of the amount injected 
and was significantly different from controls (p < 0.01) 
(Table 1). Of the recovered activity (Table 2), both the 
distribution within the bowel and in the node groups 
was similar to control animals. The bowel wall disappear- 
ance rates (Fig..2, Table 3) and the node uptake rate 
(Table 5) were indistinguishable from controls. 


TABLE 3: 
Time (min) 0.6 1.5 3.0 4.5 60 90 12 
Group | 
Control 4% 7 10 11 13 17 19 
Inflammation 4% 6 9 13 17 22 35 


Obstruction 4%, 8 11 12 14 16 18 


Segmental Node 


Resection 3% 6 6 9 12 13 15 
Early Thoracic 

Duct 3% 4 5 6 i 7 8 
Late Thoracic 

Duct 2% 3 5 5 6 8 12 
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Segmental Lymphatic Resection Group 


Lymphatic regeneration across the area of resection 
was not demonstrated. The bowel wall was grossly 
lymphedematous at the time of study, 4 weeks after 
removal of the primary lymphatic pathways. The unre- 
covered radioactivity (Table 1) was similar to control 
animals but of the recovered fraction (Table 2), 85% 
remained within the bowel. The 15% recovered from non- 
segmental nodes was higher than in other groups tested 
but still represented a relatively small percentage of the 
amount injected. The distribution of intramural isotope 
(Fig. 3) also identifies the lymphedema but despite the 
higher local concentration there was no extension of 
the isotope proximal or distal tó the injection site. The 
total activity was significantly higher than controls (p < 
0.001), but the pattern of distribution was the same. 
The. disappearance rate from the bowel wall also sug- 
gested a decreased lymph flow rate (Fig. 2, Table 3). 


Thoracic Duct Obstruction Group 


Laparotomy in dogs, 24 hours after thoracic duct ob- 
struction, revealed a marked lymph stasis with a retro- 
peritoneal collection of lymph and dilatation of the 
mesenteric lymphatics. At 4 weeks no such pooling could 
be seen indicating some resolution of the lymphatic 
obstruction. Despite these grossly apparent changes, 
quantitative studies in both the early and the delayed 
groups revealed an isotope recovery rate identical to 
controls (Table 1). The recovered activity did differ 
slightly in distribution with a higher percentage in the 
bowel wall and less in ‘the segmental nodes but the 
difference was not significant (Table 2). The intramural 
181] distribution in the early group resembled that of the 
animals in the lymphatic resection series and the distribu- 
tion in the delayed group was similar to the controls 
(Fig. 3). Bowel wall disappearance was slower than 
normal in the early group (Fig. 2, Table 3) but was 
similar to controls at 4 weeks. Nodal uptake did not 
differ appreciably from controls (Table 5). 


Rate of Disappearance of Isotope from Bowel Wall 


15 21 30 42 60 90 120 180 240 300 
19 23 26 27 32 36 39 40 41 42 
32 35 37 39 4&2 47 49 50 5 5 
19 20 24 28 29 32 33 36 39 40 
26 


16 16 21 23 25 25 26 26 26 


9 10 12 17 20 21 23 24 24 24 


17 21 25 28 30 31 32 34 34 34 





The figures represent that portion of the injected isotope that has disappeared from the site of injection at a given time interval. 
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x TABLE 4. Per Cent of Injected Isotope Remaining in Bowel Wall 
Time (min) 0.6 9.0 90 300 
Group mean SEM mean SEM mean SEM mean SEM 
Control 95.6 0.8 83.2 3.9 64.2 8.0 58.0 9.6 
Inflammation 96.0 tA 78.4 4.2 53.4 5.6 50.2 6.3 
Obstruction 95.8 1.0 84.0 a2 67.8 5.5 60.8 8.0 
Segmental Node Clearance 97.0 0.5 86.6 2.9 13.2 5.2 74.2 4.6 
Early Thoracic Duct 97.2 0.9 93.0 1.0 78.6 3.6 735.8 3.6 
Delayed Thoracic Duct 97.8 0.4 91.8 4.3 68.8 4.3 66.0 5.6 





SEM (Standard error of mean) 


Disappearance of Isotope from the Bowel Wall 


Isotope disappearance rates were extremely variable 
as indicated by the wide deviation from the mean 
(Table 4). The mean rate for all groups is illustrated 
in Figure 2 and although not statistically significant, the 
patterns did indicate a trend useful for comparison. 
The most rapid disappearance was within the first 60 
minutes and was negligible after 3 hours. The pattern 
falls into three broad categories. Control animals repre- 
sented an intermediate range. Twenty-five per cent of 
the UFE I was cleared in 30 minutes and 40% in 2 
hours. Thereafter the loss was minimal. Two other groups, 
mechanical bowel obstruction and delayed thoracic duct 
obstruction, had a similar pattern. The most rapid flow 
rate occurred in the animals with acute inflammation. 
Clearance was 35% at 30 minutes and 50% at 2 hours. 
The slowest rate was in animals in which stasis was 
measurable by other parameters, after segmental node 
resection and early thoracic duct obstruction. In these 
animals, clearance at 30 minutes was 15% and was less 
than 25% at 2 hours. 


Uptake of Isotope by Segmental Lymph Nodes 


As with the disappearance rate, the nodal uptake 
varied widely and no definable trends could be defined 
(Table 5), but two common factors were noted. A very 
significant portion of the isotope was accumulated within 
the first minute of injection of UFE * "J into the bowel 
wall and it can be assumed that the injection pressure 


TABLE 5. 
Time (min) 0.6 1.5 3.0 4.5 6.0 9.0 12 
Group 

Control 749%, 75 77 78 78 79 80 
Inflammation 60% 67 68 70 72 73 76 
Obstruction 70% 76 80 83 85 86 86 
Segmental Node 

Resection — — — — — — — 
Early Thoracic 

Duct 72% 72 73 73 75 77 78 
Delayed Thoracic 

Duct 77% 77 78 79 79 80 81 


15 


79 


82 


forced the material directly into the lymphatics and 
toward the nodes. This was verified by the visible 
chlorophyll staining of both the vessels and nodes during 
the injection. The amount reaching the nodes during 
this period amounted to between 60 and 77% of the total 
uptake. The second common feature was the maximal 
saturation which occurred within 3 hours. It would ap- 
pear that pathologic conditions affecting the area from 
which the lymph is draining do not demonstrably in- 
fluence the uptake rate by segmental nodes. 


Discussion 


The results support the concept of a segmental drain- 
age by the lymphatics of the colon, the vessels following 
the course of the vascular channels. Collateral channels 
and non-segmental nodes play a minor role. We made 
the assumption that the unrecovered portion of the 
injected isotope was systemically distributed at the time 
of counting and in control animals this was in the order 
of 45%. The question remains whether or not this repre- 
sents “normal” flow. Ackay and Ackerman’ have clearly 
shown that lymph flow is enhanced by such factors as 
mechanical handling of the bowel and it is conceivable 
that the interstitial injection of UFE could have altered 
the normal mechanism sufficiently to influence lymph 
flow. The rate of nodal accumulation of 11I was found 
unsatisfactory as a measure of lymph flow. The variation 
was so great and the relative uptake so low that signifi- 
cant differences between the studied groups could not 
be determined. 


Isotope Uptake Rate by Segmental Lymph Node 


21 30 42 60 90 120 180 240 300 
82 83 85 87 90 92 95 98 100 
80 83 86 90 95 98 100 100 100 
88 89 90 91 95 97 99 100 100 
80 82 85 88 94 96 99 100 100 
84 87 90 93 96 98 100 100 100 


100% is that amount accumulated by the studied node at the end of the five hour experimental period. Figures indicate the per cent 
isotope present in the node at a given time. Values are mean of,five animals in each group. 
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mental node resection and thoracic duct obstruction groups. 


CM. DISTAL 


The findings relative to the distribution of isotope 
within the bowel wall support the findings of Weinberg 
and Movius?’ and indicated that the material did not 
permeate longitudinally along the bowel but remained 
concentrated within a few centimeters of the injection 
site. The pattern of intramural spread is clearly circum- 
ferential and this remained inviolate under al] the condi- 
tions tested. : : 

Inflammation is known to alter lymphatic function. 
Interstitial’ and intralymphatic pressure’ is elevated. 
It is not surprising therefore that all the measured param- 
eters in this experiment indicated an enhancement of 
lymph flow. Some 75% of the injected isotope was sys- 
temically distributed in 24 hours, the amount remaining 
in the bowel was less and, that in the segmental lymph 
nodes, more than in controls. The distribution of intra- 
mural isotope and the rate of disappearance from the 
bowel correlated well with an increased flow. The non- 
segmental nodes did not appear influenced, allowing one 
to assume that the normal channels can adapt to the 
incréased drainage requirement, - 

In attempting to explain the poor results of treatment 
in patients with obstructing colon carcinomas, Wilder, 
Dockerty and Waugh?! theorized that the mechanical 
effects of hyperperistalsis increased the rate and widened 
the distribution of mesenteric lymph, thereby more 
rapidly and widely disseminating the tumor. It has been 
shown that, in the rat, elevation of the intraluminal pres- 
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sure in the bowel will increase mesenteric lymph flow ~ 
but in our experiment, acute mechanical obstruction was 
striking only in its similarity to control animals. It differed 
significantly in only one measured parameter, that being 
the quantity of systemic distribution at 24 hours. The 
route by which this occurred is not clear. If the pathway 
involved a more rapid transport along segmental path- 
ways we would have recorded an increased accumulation 
in the segmental nodes and a more rapid disappearance 
from the bowel wall. This did not occur nor did there 
appear to be any alteration in the distribution within the 
bowel itself. Previous radiographic studies" implied that 
collaterals played a more significant role but this was 
not supported by a higher isotope recovery in the non- 
segmental nodes. One possible mechanism to explain 
enhanced systemic. delivery is the’ opening of lympho- 
venous communications allowing a direct transfer of the 
isotope from the peripheral lymphatics to the venous 
channels. 

The importance of segmental lymphatics has been 
clearly demonstrated and it is not surprising that their 
resection seriously hampers lymph drainage. Lymphe- 
dema was induced and persisted for the 4 weeks of the 
study. The potential for lymphatic regeneration has not 
been clearly defined. They appear to be capable of re- 
establishing across an incision***74+7° but not across a 
substantial gap.?!?1 Our work supports the latter. De- 
spite the stasis that was evidenced by a high residual 
isotope content in the bowel wall and a decreased dis- 
appearance rate, the longitudinal distribution in the wall 
was similar to controls. Larson® felt that collaterals de- 
veloped after mesenteric lymphatic obstruction and in 
this experiment non-segmental nodes did accumulate 
more isotope than other groups tested, but this did not 
prevent the development of lymphedema and therefore 
was not an effective substitute for normal routes. Despite 
the stasis, the systemic distribution matched that of con- 
trols and it is again postulated that lymphovenous 
anastomoses played a functional role in the presence of 
inadequate lymphatic drainage. 

Considerable stasis also resulted from’thoracic duct 
obstruction. The large retroperitoneal collection seen 24 
hours after ligation was gone at 4 weeks as was previously 
reported under similar conditions in the cat.1° Despite 
this visible change, the quantitative differences between 
the early and the delayed groups was not dramatic. The 
distribution of "I in the bowel, in segmental and non- 
segmental nodes, was the same. Only the bowel wall 
disappearance rate seemed to increase at 4 weeks. The 
systemic delivery in both the early and the delayed 
groups was the same as in the controls despite the 
lymphedema and this would appear analogous to other 
situations where lymphatic obstruction was present and 
lymphovenous communications became functional, as has 
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been reported by others.313 Our studies also suggest that 
these communications become active as early as 24 hours 
after lymphatic obstruction has been induced. 

This investigation reaffirms that colonic lymphatics re- 
spond specifically to the pathologic changes which alter 
the area from which they drain. They are certainly capa- 
ble of increasing the rate of flow, particularly in the 
presence of inflammation. It strongly suggests that an 
important response to bowel and lymphatic obstruction 
is the opening of lymphovenous communications. In 
clinical terms, their behavior determines the response 
to surgical treatment of a number of colonic diseases, 
particularly tumors. 


Summary 


Colonic lymph flow is a protean function dependent 
on factors influencing the bowel. We attempted to define 
the patterns of lymph flow from a specified segment of 
the dog colon in order to compare the distribution of 
injected isotope in the control animal and in animals in 
which the colon had been altered by acute sterile in- 
flammation, mechanical bowel obstruction, segmental 
lymph node resection and thoracic duct obstruction. 

The results indicated that, in the normal animal, 45% 
of intramurally injected 13I was systemically distributed 
in 24 hours. Of the amount remaining within the bowel 
wall and in the nodes of the mesentery, 64% remained 
at the site of injection and was concentrated along 3 cm. 
of bowel proximal and distal to the site of injection. 
Thirty-four per cent was recovered from segmental and 
only 2% from non-segmental nodes. Of the amount Jost 
from the bowel, 25% disappeared within 30 minutes and 
40% in 2 hours. 

In the presence of acute inflammation a significantly 
greater quantity was systemically distributed by what 
appears to be a more active How rate along segmental 
pathways. Clearance rates were of the order of 35% and 
50% at 30 and 120 minutes respectively. 

Mechanical bowel obstruction also appeared to exert 
an influence in enhancing systemic distribution by a 
mechanism suspected to involve lymphovenous communi- 
cations. Removal of the primary avenue of lymph drain- 
age, the segmental vessels and nodes, resulted in lymph 
stasis that did not subside by 4 weeks, the time of flow 
measurement. Collateral vessels seemed to play a slightly 
greater role than in the control animals but were not 
sufficiently effective to prevent stasis. Systemic delivery 
of isotope remained comparable to controls despite the 
lymphedema and the possibility of functioning lympho- 
venous anastomoses was entertained. 

Thoracic duct ligation also induced stasis more ap- 
parent 24 hours after ligation than at 4 weeks. By that 
time the bowel wall disappearance rate had returned 
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to control levels. Systemic distribution was similar to 
that in animals who had undergone segmental node re- 
section and the same mechanism for dissemination is 
again suggested. 

It was clearly noted that in the animals where stasis 
was evident, the isotope was still limited to the area into 
which it had been injected and longitudinal spread in 
the bowel wall was not a mechanism for dispersion in 
any of the tested situations. 
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Neonatal Gastric Perforation and Necrosis: 
Ninety-Five Per Cent Gastrectomy and Colonic Interposition, with Survival 


ASTRIC perforation in the newborn infant was first 
G described by Siebold in 1825.4 In 1920 Leger’ 
reported the first successfully treated patient. Perforation 
of the stomach requires debridement and closure with 
interrupted sutures. In instances of gastric necrosis the 
surgeon must excise tissue and reconstruct the alimentary 
_tract. There have been only ten reported survivors of 
gastrectomy performed during the first 2 weeks of 
life.1.3.7.12,13.15 The amount of stomach resected varied 
from 5 to 100 per cent. Reconstruction was by Billroth I, 
Billroth II, esophagogastric anastomosis, esophagojejunos- 
tomy, and repair of wedge or sleeve resections. 

There have been numerous attempts to account for 
neonatal gastric perforation. These include: increased 
gastric acid secretion and peptic ulcer disease,? mechani- 
cal injury due to nasogastric intubation,® congenital gas- 
tric musculature defects,® pituitary-adrenal axis stimula- 
tion with anoxia and autodigestion of the stomach,’ 
sepsis with gastromalacia!® and perforation secondary 
to distal obstruction.1® Recent studies indicate that re- 
traction of muscle bundles from the site of a perforation 
accounts for the apparent absence of muscle in an area 
of the stomach wall.!” The largest group are those infants 
with spontaneous perforation of the stomach.*® The most 
common site of perforation is a linear defect located 
along the greater curvature near the cardioesophageal 
junction. Eighty per cent of instances occur during the 
first 5 days of life with a peak incidence on the third day. 

There is no good explanation for the occurrence of 
necrosis of the stomach with its abundant vascular supply. 
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It is known that some of the vessels such as the short 
gastric arteries may be end vessels. Necrosis and leakage 
has been noted in some adult patients who have had 
75% gastrectomies for ulcer disease and concomitant 
splenectomy, because of inadvertent splenic injury. Ne- 
crosis of any portion of the gastrointestinal tract may be 
due to shunting of blood away from the viscera to the 
brain, heart, kidneys and lungs. Tissue death may depend 
on the ability of a specific organ to tolerate decreased 
perfusion and oxygenation. 

The long-term effects of gastric resection in the ne- 
onatal period are not well defined. Concern about the 
future of the infant is based upon post-gastrectomy prob- 
Jems encountered in adult patients. Experience with a 
4-day-old infant who had extensive gastric necrosis and 
perforation, and the greater portion of her stomach re- 
moved, prompted this report. Five days later the re- 
mainder of her stomach except for the distal 5% was 
resected. A portion of transverse colon was interposed 
between esophagus and remnant of pylorus. The use of 


colon interposition seems to have been a unique approach 


in this patient—the eleventh baby to survive gastrectomy 
in the first 14 days of life. 


Case Report 


A 3-day-old critically ill baby girl. was transferred to The Chil- 
dren’s Medical Center, Dallas, Texas, on November 23, 1970. The 
baby was a 2,605 Gm., Apgar 8 product of a 22-year-old 
primigravida. During the evening of November 23rd the infant 
suddenly developed abdominal distention. Abdominal X-rays 
revealed free intraperitoneal air. The provisional diagnosis was 
sepsis with intestinal perforation. Examination revealed a lethargic 
infant with marked abdominal distention. Bowel sounds were 
absent. Following rehydration the baby underwent operation early 
on the morning of November 24th. Upon entering the peritoneal 
cavity milk, air and bile gushed out. The greater curvature of 
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the stomach from the cardioesophageal junction to the pylorus 
was necrotic. There was a 5 cm. disruption of the necrotic tissue 
at the fundus. The necrotic tissue was excised (75% gastrectomy ) 
and the stomach remnant was closed in the form of a tube. At 
this time it was felt that potentially necrotic tissue remained and 
that the closure might break down. Five days later, November 
29, 1970 an X-ray revealed loculated air in the peritoneal cavity 
which was thought to represent re-perforation. Serosanguineous 
fluid was draining from the abdominal incision. The infant was 
returned to the operating room and the abdomen was entered 
through a left transthoracic, transdiaphragmatic incision. The 
stomach had again perforated and the entire gastric remnant, 
except for the distal 2 cm. of antrum, was necrotic. Necrotic 
tissue was excised and an antiperistoltic segment of transverse 
colon was interposed between esophagus and the remaining gas- 
tric antrum. Pyloroplasty was performed. With completion of the 
two operations 95% of the stomach had been resected. 

The infant remained in critical condition for the next 3 days. 
Chest X-ray revealed a pneumonic infiltrate in the left lung. 
Antibiotic therapy was changed from Kantrex to gentamycin. With 
gradual improvement in the baby’s condition oral feedings of 
sugar-water and electrolytes were begun on December 5th. On 
December 8th fecal drainage was noted coming from the ab- 
dominal incision. Pseudomonas, Klebsiella and Escherichia coli 
were cultured. Because of the presence of Pseudomonas in 
blood, throat and wound cultures the infant was switched 
to Carbenicillin. On December 15th barium studies revealed 
an intestinal-cutaneous fistula originating from both the colo- 
pyloric and colo-colic anastomoses. At this time the infant had 
a seizure and was apneic for 90 seconds. Blood glucose was 
12 mg./100 ml. She responded to intravenous hypertonic glucose 
solution. A peripheral venous cutdown was performed and ali- 
mentation with a hypercaloric solution was begun. By December 
21st the infant had made sufficient progress so a catheter was 
placed via the external jugular vein into the right atrium. A steady 
weight gain ensued on hyperalimentation. On January 2, 1971 
upper gatrointestinal X-rays revealed that the colo-pyloric fistula 
had closed. Hyperalimentation was discontinued on January 5th 
because of purulent drainage at the site of catheter insertion. Oral 
feedings were restarted. Because of problems with diarrhea 
formulas were changed several times. It was eventually discovered 
that Nutramigen was tolerated. The infant was kept in an up- 
right position at all times in order to avoid reflux and aspiration. 
On January 20th a 12-hour fasting gastric analysis revealed 20 
degrees of combined acid (Normal 5-15 degrees). Barium studies 
were again repeated on the following day. Both fistulas had 
spontaneously closed and the gastrointestinal tract was in con- 
tinuity. Both incisions were completely healed. She was discharged 
from the hospital on January 22, 1971. Her weight was 2,720 Gm. 
Feedings consisted of 70 to 90 cc. of Nutramigen every 3 hours. 

The baby has been carefully observed in both the surgical and 
metabolic clinics at The Children’s Medical Center. By April of 
1971 she was taking Similac with iron, cereals, juices, added iron 
as Fer-in-sol and medium chain triglycerides. In June of 1971 
calcium lactate was added to the diet because of mild osteomalacia. 
At 1 year of age her weight and height were below the anticipated 
norms. She weighed 5.6 Kg. with the lowest expected norm of 8 
Kg. Her height was 67.5 cm. compared to the lowest anticipated 
norm of 72 cm. Other than the decreased weight and height she 
was an active and alert child. She was taking six feedings a day. 


Discussion 


There are only three published reports of infants who 
have survived gastrectomy for perforation and necrosis 
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during the first 2 weeks of life. Hallaba,’ in 1961, was 
the first to report a 3-day-old infant who had a 65% gastric 
resection. Moore,!2 in 1964, removed 50% of a 6-day-old 
baby girl’s stomach. Rees and Redo’s'® patient required 
80% resection and was the first to survive proximal gas- 
trectomy with esophagogastric anastomosis. Moore,’ sur- 
veying the members of the Surgical Section of the Ameri- 
can Academy of Pediatrics and the British Association 
of Pediatric Surgeons, cited two survivors with gastric 
duplications, one with a gastric teratoma, one with an 
annular pancreas, and a 7-day-old infant with hemangio- 
endotheliosarcoma of the liver and invasion of the 
stomach. All five infants had gastric resections prior to 
14 days of age. Nixon! reported a gastrectomy for tera- 
toma in a 6-hour-old neonate in an article published in 
1967. A most remarkable case was reported by DeAngelis? 
in 1969. He performed total gastrectomy and splenectomy 
on a 6-hour-old baby boy because of a massive gastric 
teratoma. Continuity was established by end-to-end 
esophagojejunostomy. Because of continued weight loss 
a jejunal food pouch was created at 4 weeks of age. 
The afferent and efferent limbs of the esophagojejunos- 
tomy were connected side-to-side and a Roux-en-Y jejuno- 
jejunostomy was made, distal to the pouch. At 22 months 
of age the child’s weight was within the expected normal 
range. 

The utilization of colon rather than jejunum in our 
infant was based upon reports of Moroney! and 
Watkins.'!® The use of colon serves to establish reservoir 
capacity and preserves duodenal function. In a Billroth 
II or esophagojejunostomy the crop function of the 
stomach is destroyed and food passes into the small 
intestine in essentially the same state as when swallowed. 
Rapid passage of food into the jejunum contributes to 
increased transit time in the small bowel, resulting in 
both inadequate digestion and poor absorption. Without 
crop function there is also inadequate intake of food. 
Most important is the fact that colonic mucosa is resistant 
to acid-peptic digestion. The susceptibility of jejunal 
mucosa to peptic digestion is well recognized. The colon 
also has the advantage of distensibility. Interposition be- 
tween esophagus and duodenum prevents bile and alka- 
line secretions of the upper small intestine from reaching 
the lower esophagus and producing alkaline esophagitis. 
Furthermore, the use of transverse colon in an anti- 
peristaltic direction delays gastric emptying and allows 
for as much gastric digestive function as is possible in 
the remaining remnant of stomach. The only problem 
that we encountered was a transient postoperative dis- 
turbance in the motility of the interposed segment, with 
occasional regurgitation of food. Follow-up of cases in 
adults indicate that this problem, as in our infant, dis- 
appeared with the passage of time.'®:”° 

The risk of gastrectomy in the neonate lies in its effect 


Fic. 1. Resection of ne- 
crotic, perforated stomach 
(75%) and closure as a 
tube (November 24, 
1970). 


on the growth and development of the infant. As pointed 
out by Foman,° growth during the first year of life is 
extremely important. There are several potential hazards 
that must be kept in mind. After partial gastrectomy iron 
deficiency anemia may occur because of poor absorption 
of iron, due to inadequate amounts of hydrochloric acid. 
Megaloblastic anemia has been seen in 15 to 60% of 
adults after gastric resection.’ Vitamin By. is poorly 
absorbed when there is decreased production of intrinsic 
factor. Even if serum By». levels are normal the parenteral 
administration of the vitamin may improve the general 
health of the patient. Moore,'* in his survey of gastrecto- 
mies in infants and children, found that there was normal 
growth and development following distal gastrectomy 
regardless of the amount of stomach resected.!? Normal 
growth took place even after total gastric resection.™ 
However, when the cardioesophageal junction was re- 
sected there was a delay in development. Rees and Redo 


Fic. 2. Resection of all 
but 5% of stomach, pylo- 
roplasty, and colon in- 
terposed between esoph- 
agus and gastric antrum 
(November 29, 1970). 
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reported that their patient, although healthy, was con- 
siderably below his twin sibling in weight. 

The long-term effects of gastric resection may actually 
not be as severe as anticipated. In 1956, Thompson?’ re- 
ported that the growth of puppies subjected to 50% gas- 
trectomy, vagotomy and Billroth I reconstruction was 
the same as control litter mates. Schulte and Ellison,'® 
in 1966, performed total gastrectomy in puppies and com- 
pared them with their litter mates. After the dogs de- 
veloped the habit of small frequent feedings they grew 
well, Two problems did present in the puppies: anemia, 
which responded to parenteral iron and osteomalacia, 
which resulted in pathologic fractures. Mild steatorrhea 
is also commonly found after partial removal of the 
stomach. Steatorrhea is probably due to poor mixing 
of food with bile and pancreatic enzymes, rapid small 
bowel transit time and changes in bacterial flora of the 
intestine.! 


Summary 
The eleventh survivor of gastrectomy during the first 
2 weeks of life is presented. Our infant is unique in that 
an antiperistaltic colon interposition was utilized to re- 





Fic. 3. Photograph of barium swallow X-ray. The gastrointestinal 
tract is in continuity, no evidence of fistulas are present. Silver 
clips are seen on the gastric vessels. Compare X-ray to Figure 2. 
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Hematologic Complications of Partial Gastrectomy 


KHALID MAHMUD, M.D., DONNA RIPLEY, WILLIAM R. SWAIM, M.D., 


NEMIA is a frequent late complication of partial 
A gastrectomy. It has mainly, and at times entirely? 
been attributed to lack of iron, relatively little significance 
being attached to other factors as deficiencies of vitamin 
Bie and folate. In studies of gastrectomized patients, 
Bie and folate deficiences have often been assessed on 
the basis of morphologic abnormalities, i.e., macrocytosis 
and megaloblastosis™ changes which are frequently 
masked by concomitant iron deficiency.‘ In other in- 
stances!” vitamin Big absorption tests (e.g. Schilling test) 
have been used, not recognizing the fact that many par- 
tially gastrectomized patients having impaired intestinal 
absorption of food Bye can effectively absorb crystalline 
B12, the form used in these tests.12 The criteria used for 
the diagnosis of Biz and folate deficiencies in partially 
gastrectomized patients have, therefore, often been less 
than adequate. Relatively recently studies have been 
published in which serum levels of Bis and folate were 
determined,’ however, the concentrations of these vita- 
mins in the red cells or tissue have not been systematically 
evaluated. This paper reports a series of 107 patients 
with partial gastrectomies in whom the hematologic 
status was investigated through morphologic and bió- 
chemical means, including measurements of Bz and 
folate levels in the red cells. 


Materials and Methods 
One hundred and seven men, aged 26 to 82 were 
studied 6 months to 24 years (average 8.2 years) follow- 
ing subtotal gastrectomy for benign peptic ulcer. The 
preoperative diagnosis was duodenal ulcer in 75 and 
gastric ulcer in 32, The surgical procedure used was 
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Billroth II in 80 and Billroth I in 27. Hemoglobin, mean 
corpuscular volume (MCV) and ‘mean corpuscular he- 
moglobin concentration (MCHC) were obtained with a 
Coulter S counter. Neutrophil hypersegmentation was 
estimated by 1) calculating neutrophil lobe index (total 
number of nuclear lobes per 100 PMNs/100, normal 
<3.25) and 2) by enumerating per cent neutrophils with 
5 or more lobes (normal <5%). Serum iron (SeFe) and 
iron binding capacity (TIBC) were measured by the 
methods of Ramsay.!®!7 Serum transferrin saturation of 
less than 16% was regarded as definitive! and TIBC of 
greater than 400 mcg./100 ml. as probable,®® evidence for 
iron deficiency. Vitamin Bi. absorption was determined 
with the plasma Bı» absorption test, in which plasma 
radioactivity is measured 8 hours after the oral dose of 
CO*'B,2.5 Serum and red cell By. concentrations were 
evaluated by the Euglena gracilis assay’? preparing the 
red-cells with the method of Biggs et al. Serum and red 
cell folate were assayed by the lactobacillus casei 
method" using the technic of Hoffbrand et al? for red 
cell preparation. 


Results 


Incidence of Hematologic Abnormalities 


Table 1 summarizes the frequency of observed abnor- 
malities. Forty-nine per cent of the patients were anemic. 
Serum transferrin saturation of less than 16% was present 
in 33%; however, TIBC values suggested that a greater 
proportion of patients (49%) were probably iron de- 
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TaBLe 1. Incidence of Hematologic Abnormalities 





Total Billroth II Billoth I 

Anemia (Hg < 14.0 

Gm./100 ml.) 49% 55% 33% 
Transferrin saturation 

< 16% 33% 37% 19% 
TIBC > 400 mcg./100 ml. 49% 53% 36% 
Plasma Biz absorption 

< 2.0 pg./ml. 18% 19% 15% 
Serum By < 150 pg./ml. 37% 40% 30% 
RBC Bi: < 110 pg./ml. 68% 75% 52% 
Serum folate < 64 ng./ml. 33% 30% 40% 
RBC folate < 200 ng./ml. 18% 


17% 15% 


ficient. Vitamin By. absorption was subnormal in 18%. 
The most frequently observed hematologic abnormality 
was a decrease in red cell By. concentration (68%), the 
serum levels of this vitamin being low in only 37%, 
Diminished folate levels, in contrast, were found more 
_ frequently in serum than in red cells (33% vs. 17%). 

As indicated in Table I iron and Bız deficiencies, and 
anemia, were more frequent in Billroth I than in Billroth 
I group of patients. Billroth I-patients, on the other hand, 
had a greater incidence of subnormal serum folate levels. 


Analysis of Deficiencies 


Eighty-seven, or 81% of all patients, had hematologic 
deficiencies (Table 2). Of these 31 had single deficiencies 
of iron, Bye or folate; in the majority, however, (56 pa- 
tients) these deficiencies presented in combined forms. 
Iron deficient patients were more often anemic than those 
with B12 deficiencies. The incidence of anemia was: 33% 
in isolated By. deficiency, 48% in combined By». and folate 
deficiency, 86% in combined By2 and iron deficiency, and 
100% when deficiencies of all three nutrients existed 
(Table 2). Morphologic changes characteristic of iron 
deficiency, i.e., microcytosis and hypochromasia, were 
most frequently seen in pure iron deficiency. The inci- 
dence of these changes was less when Bı deficiency 


PARTIAL GASTRECTOMY 


433 


accompanied iron deficiency and least when all taree 


deficiencies were present in combination. On the con- 
trary, macrocytosis of By and folate deficiency was 
obscured by co-existing iron deficiency. Neutrophil hy- 
persegmentation always accompanied By or folate de- 
ficiencies whether or not the patient was anemic and 
regardless of his iron status. 


Discussion 


The results indicate that in gastrectomized patients, 
contrary to previous assessments, vitamin Bız deficiency 
is the most frequent hematologic abnormality, Sixty- 
eight per cent of the patients in the present series had 
low red cell Bye levels, a finding which, along with the 
consistently observed neutrophil hypersegmentation in 
these patients, suggests a deficiency of this vitamin at 
tissue level. Yet, Bi2 deficiency has been thought te be 
unusual following partial gastrectomy, developing in 1 
to 20% of the patients according to different reports.®:7:44 
The reasons for this inconsistency appear to be as follows. 
Macrocytosis, a commonly sought clue in the diagrosis 
of Biz (or folate) deficiency, can be masked by con- 
comitant iron deficiency. Whereas 43% of our patisnts 
with simple Bas deficiency had macrocytosis, only 9% 
of those having a combined deficiency of Bız and ‘ron 
exhibited this abnormality. Secondly, the By, absorption 
tests, so heavily relied on for diagnosis of By. deficieacy, 
yielded subnormal values in only 18% of our patients, 
i.e., in about one-fourth of those who were actually Bis 
deficient. The reason for normal By absorption in the 
face of Bı» deficiency has been pointed out above. 
Finally, serum Bız levels, studied in several previous 
series of postgastrectomy patients, were decreesed 
in only about half of those having low red cell 
Biz concentrations among our patients suggesting vhat 
is gastrectomized patients red cell Bı% concentra-ion 
is a better index of By, deficiency than is the serum level 
of this vitamin. Iron deficiency, if strictly defined as 
transferrin saturation of less than 16%, a criterion pro- 


TABLE 2. Analysis of Hematologic Deficiencies 


A. Single Deficiencies (31 Patients) 


Iron Bro Folate 

No. of Petients 4 21 6 
% with Anemia 100 33 33 
% with Microcytosis 75 0 0 
% with Hypochromasia 100 5 0 
% with Macrocytosis , 0 43 50 
% with PMN hyperseg- 

mentation ` 0 100 100 


B. Combined Deficiencies (56 Patients) 


Iron + B-a 
Iron + By Iron + Folate By + Folate + Folate 
22 1 25 8 
86 (100) 48 100 
41 (0) 0 25 
64 (100) 4 38 
4 (0) 60 © 25 
100 (100) 100 100 
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posed by Bainten and Finch! was detected in 33% of 
the patients. However, 49% of the patients had abnormally 
high TIBC values ( >400 mcg./100 ml.) suggesting that 
this deficiency was probably more prevalent; since other 
conditions associated with high TIBC, such as pregnancy 
or estrogen therapy,.were not a consideration here. Iron 
deficiency has been described as occurring in one-third 
to one-half of the patients following subtotal gastrec- 
tomy,®*8 except in women in whom the incidence may 
approach 100%, The present results agree with these 
figures. As expected, the morphologic changes of iron 
deficiency, microcytosis and hypochromasia, were often 
masked by co-existent B,, and folate deficiencies 
(Table 2), thus lessening their diagnostic value in a 
combined deficiency state. 

Among the 107 postgastrectomy patients, folate de- 
pletion was more marked in the serum than in red cells. 
Red cell folate data could not be used with confidence 
in the assessment of folate deficiency for two reasons. 
Firstly, iron deficiency has been reported to increase 
red cell folate levels presumably by impairing folate 
utilization in the red cell precursors.4® Secondly, among 
our patients, depressed serum folate levels were always 
associated with neutrophil hypersegmentation, regardless 
of red cell folate concentrations. Consequently, serum 
folate levels appeared to be a better index of folate 
deficiency in gastrectomized patients. These levels were 
decreased in 33% of our patients. Others have reported 
a similar incidence.’ 

Among the morphologic abnormalities of By. or folate 
deficiency, neutrophil hypersegmentation proved to be 
most valuable. It was always present whenever these 
deficiencies existed regardless of the patients iron status 
and the presence or absence of anemia. 

The incidence of anemia has varied widely, from 4% 
to 77% in reported series of postgastrectomy patients.*18 
A 49% incidence found in the present series is similar to 
one reported by Hines et al.” in a study, of approximately 
300 patients. Although, percentage-wise, iron deficiency 
led to. anemia more frequently than did Bis deficiency, 
the number of By, deficient patients far exceeded those 
with iron deficiency. The two deficiencies, thus appeared 
to be equally important in the causation of anemia. The 
role of folate deficiency appeared to be less impressive 
in this regard. 

The fact that Billroth II group of patients became 
anemic more frequently than those having had Billroth 
I type of resections, has been reported previously.” Pre- 
sumably the duodenal bypass and rapid transit following 
Billroth IT gastrectomy leads to a greater incidence of 
anemia. Indeed, iron and By. deficiencies were noted 
to be more frequent in Billroth II than in Billroth I 
groups among our patients. Billroth I patients in con- 
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trast, had a greater incidence of folate deficiency. The 
reasons for this difference are not clear. 


Summary and Conclusions 


1. One hundred and seven men with partial gastrecto- 
mies were investigated for hematologic deficiencies on 
the average of 8.2 years after operation. 


2, Anemia was found in 49%. It was found more fre- 
quently in Billroth II than in Billroth I patients. 


3. A previously unrecognized high (68%) incidence 
of Bie deficiency in red cells was found, the serum levels 
of Bis being diminished in only 372. 


4, In patients with partial gastrectomies, plasma Bie 
absorption tests proved to be misleading. They yielded 
normal results in most patients with subnormal serum 
and red cell Bız levels; only 18% of the patients had low 
Bı2 absorption by this test. 


5. Iron and folate deficiencies were each present in 
one-third of the patients. 


6. The deficiencies of iron, Biz and folate were often 
combined (56 patients) than single (31 patients) and 
while those of iron and By. were more frequent in the 
Billroth II group, folate deficiency was slightly more 
common following Billroth I operation. 


7. Iron and Byes deficiencies appeared to be equally im- 
portant in the causation of anemia whereas folate de- 
ficiency was less significant in this regard. 


8. Neutrophil hypersegmentation appeared to be the 
most helpful morphologic indication of Biz and folate 
deficiencies. Macrocytosis often appeared to be masked 
by concomitant iron deficiency. Conversely, microcytosis 
and hypochromasia of iron deficiency was frequently 
masked by co-existent B42 or folate deficiencies. 
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Perforated Anastomotic Ulcers 


I. G. M. CLEATOR, M.B., Ch.B.Ed., F.R.C.S.C., F.R.C.E., F.R.C.S., 


Fe PERFORATION of anastomotic ulcer is a dangerous 
complication of gastric surgery. In this report, we 
establish that a previous perforation of a peptic ulcer 
predisposes to perforation of an anastomotic ulcer. We 
also indicate our preferred methods of treatment. 


) Clinical Material 


From 1957-1970, 331 patients with 390 episodes of 
anastomotic ulcer underwent treatment at the Vancouver 
General or Shaughnessy Military Hospitals. Of these 390 
ulcers, 77% were confirmed at operation, or by demonstra- 
tion of an ulcer crater on barium meal X-ray or on direct 
vision at endoscopy. In the remaining 23%, the diagnosis 
was tenable on clinical grounds alone. At the latest 
follow-up, April 1971, 60% of the patients were alive, 18% 
were dead, 22% were not traceable. 


Results 


Table 1 shows the distribution of our series of anas- - 


tomotic ulcers according to the primary form of treat- 
ment. 

Table 2 gives the details of the history of primary 
peptic ulcer perforations in the patients with perforated 
and non-perforated anastomotic ulcers. There is a signifi- 
cant association between perforation of anastomotic 
ulcer and a previous history of perforated primary peptic 
ulcers, using Goodman’s and Kruskal’s coefficient of 
rank association,® G = 0.586, p < 0.005. 

Table 3 summarizes the treatment of 18 patients with 
perforated anastomotic ulcers. 

Table 4 shows that although only four of 16 patients 
had a period of follow-up of 5 years or more, eight had 
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recurrence after treatment of perforated anastomotic 
ulcers. 


Discussion 
Incidence of Perforation 


We define perforation as. a free opening into the 
peritoneal cavity. We found the incidence of perfora- 
tion to be 5.4% in our series of 390 anastomotic ulcers. 
This incidence agrees with that found by Thoroughman 
and colleagues® in their review of the literature up to 
1968, comprising 8779 marginal ulcers with 472 perfora- 
tions. The incidence figure given in our study is likely 
to be an underestimate of the prevalence of perforation - 
in anastomotic ulcers in our area, since 56% of the 33] 
patients with anastomotic ulcers had undergone primary 
operations in other hospitals and this percentage con- 
tained proportionately more elective than emergency re- 
ferrals, 


Perforation of a Primary Ulcer 

Singer and Meyer® suggested that previous perforation 
of a duodenal ulcer predisposes to perforation of an 
anastomotic ulcer. However, in a study of 309 male pa- 
tients with anastomotic ulcers, Jones and Langman® im- 
plied that patients with previous perforations of duodenal 
ulcers did not show an increased risk of perforation of 
stomal ulcers. 

In our study we have found that patients with per- 
forated anastomotic ulcers are more likely to have had 
an episode of perforation in their history of primary 
peptic ulcer than those patients with non-perforated 
anastomotic ulcers. When the results of our study and 
that of Jones and Langman are combined (Table 5), 
this association is still present (p < 0.0005). 
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TABLE 1. Distribution of 331 Anastomotic Ulcers in Our Study by 
Primary Operation — 





No. of 
No.of Anastomotic 

Primary Operation Patients Ulcers 
Billroth I 53 58 
Billroth [1 140 157 
Vagotomy & Pyloroplasty 35 41 
Vagotomy & Gastroenterostomy 9 12 
Vagotomy & Partial Gastrectomy 15 16 
Simple Gastroenterostomy 79 106 
Totals 331 390 





Treatment 


We need to improve our treatment of perforated anas- 
tomotic ulcers. We found that eight of 16 patients sur- 
viving operation developed recurrent ulcers. This re- 
currence rate is of the same order as the 76.7% found by 
Thoroughman and colleagues.® 

We suggest that the plan of treatment of perforated 
anastomotic ulcers should be initial lifesaving operation, 
a period of recuperation during which investigations can 
be undertaken, and then carefully considered definitive 
surgical treatment. 


Initial Treatment 


We recommend immediate operation with simple 
closure of the perforation as the initial treatment. 

There is no place for the routine use of conservative 
treatment in ‘perforated anastomotic ulcer. Only one 
instance was treated conservatively in our study and 
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this was a patient on the medical unit who fortunately 
survived to have definitive surgical treatment for per- 
sistent ulcer 3 years later. In the literature, expectant 
treatment carries a mortality rate of 93%. We found that 
use of gastrectomy under emergency conditions was 
more hazardous and likely to be less meticulous than 
under elective conditions. Of the six patients treated im- 
mediately with Billroth II gastrectomies, one died from 
a dehisced anastomosis, one bled from a persistent jejunal 
ulcer 1 month after operation, and one had an incomplete 
antrectomy which caused recurrent ulceration 1 year 
later. Three patients had satisfactory results on short 
follow-up. One patient had vagotomy with gastrectomy 
as initial treatment and has fared well. 

We found that vagotomy was successful in three pa- 
tients when performed at the time of closure of per- 
forated ulcer. However, we considered that (even in 
the post-gastrectomy group of ulcers) vagotomy should 
not be performed routinely at closure of perforation. 

‘Vagotomy performed under emergency conditions may 
be more hurried than in elective instances, and places 
additional stress on seriously ill patients. An even more 
important consideration is that the patients are denied 
the investigations necessary to exclude ulcerogenic 
diatheses. 


Investigations 


Investigations should include perusal of operative data. 
and pathologic reports from surgical treatment of pri- 
mary peptic ulcer, assessment of cardio-pulmonary func- 
tion, and two fasting plasma gastrin estimations. 


TABLE 2. Perforated Anastomotic Ulcers 


No. of Perforated 


No. with One Previous No. with Two Previous 


E l No. of Anastomotic Perforation of a Perforations of a 
Original Operation Patients Ulcers Primary Peptic Ulcer Primary Peptic Ulcer 
Billroth II 9 10 3 1 
Gastroenterostomy 6 6 1 
Vagotomy & Pyloroplasty 1 1 1 
Vagotomy & Gastroenterostomy 2 2 1 

Total 18 19 6 1 
Non-perforated Anastomotic Ulcers 
No. of Non-perfo- No. with One Previous No. with Two Previous 

_ No. of rated Anastomotic Perforation of a Perforations of a 
Original Operation Patients Ulcers Primary Peptic Ulcer Primary Peptic Ulcer 
Billroth II 131 161 21 2 
Gastroenterostomy 73 74 10 
Vagotomy & Pyloroplasty 34 35 4 
Vagotomy & Gastroenterostomy 7 9 4 
Vagotomy & partial Gastrectomy 15 36 3 
Billroth I 53 56 5 

Total 313 371 47 2 


The numbers of anastomotic ulcers with a previous perforation of a primary peptic ulcer are shown for both the perforated (8/19) and - 
non-perforated (51/371) anastomotic ulcers. Comparison of these two groups was carried out using Goodman’s and Kruskal’s coefficient 
of rank association (G) for use with ordinal variables. The coefficient was 0.586 which shows an association between the occurrence of a 
perforated anastomotic ulcer and a pricr history of perforated primary peptic ulcer (p < 0.005). 
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TABLE 3. Summary of Method and Results of Treatment 





Treatment of Perforated Anastomotic Ulcer 





Primary Operation Interval Length of 
Operation Sex Diagnosis (Years) Age Site Operation (s) Progress Follow-up 
- M D.U 3 48 Jejunal BII 66% & Vagotomy Alive and well 3 
G-E M D.U 20 58 Jejunal Closure . Died during operation 0 
- M D.U 13 73 Jejunal BII 70% Died 4 yrs. post-op. from 4 


other causes. Stomach & 
anastomosis healthy at autopsy. 


G-E F G.U 4/12 48 Jejunal Closure & after 2 months, Alive & well 
vagotomy & conversion to 
pyloroplasty. 
G-E M 31 68 Jejunal Closure & after Alive & well ar 
2 wks. BII 75% 
G.E. M D.U. 11 48 Stomal BII 66% Alive & well 3/12* 
V. & Pyl. M D.U. 2 37 Duodenal BII 66% Pain for 1 yr., then V. & 2 
BI & Resection retained 
antrum for G.U. 
V.&G.E. M D.U. 5 50 Jejunal Closure, then 3 yrs. later hemorr. & 3 
after 2 mos. V. & BI 66% prandial pain—refused 
operation. 
V.&G.E. M DU. 2 60 Jejunal BIH 66% Bleeding J.U. 1 month 2 
later—vagotomy. Now 
Now alive and well 
BII 66% M D.U 4 60 Jejunal Closure & Vagotomy Alive and well 8 
BII 66% M D.U 7 53 Stomal Closure Prandial pain for 10 years, 15 
then vagotomy and BII car- 
ried out for jejunal ulcer. 
Now alive and well. 
BII 75% M D.U 110/12 35 Jejunal Closure Perforated ulcer one year 6 
later. Treated by closure. Two 
weeks laters, transthoracic 
vagotomy. Now alive and well. 
BII 66% M D.U 5 3/12 47 Stomal Closure & Vagotomy Alive and well 4 
BII 66% M D.U 4 64 Gastric Closure & 2 weeks later Alive and well 1 
T.T. vagotomy 
BII 66% F D.U.&G.U. 2 8/12 41 Stomal BIL 75% Alive and well 3/12 
BII 33% M DU. 2 53 Jejunal Medical Pain for 3 years, then 6 
vagotomy and now alive & well. 
BII 66% M D.U 6/12 34 Jejunal Closure & vagotomy Alive and well 4 
BII 66% M D.U 14 48 Jejunal BII 75% Died on 10th day post-op. 0 


Dehisced anastomosis. 


* Not traced to 1971——loss to follow-up 
This summarizes the method and results of treatment in the nine patients with a perforated anastomotic ulcer following Billroth II partial 
gastrectomy and six patients with perforated ulcer following gastroenterostomy alone, and three following vagotomy with drainage. 


TABLE 4. High Recurrence Rate afier Treatment 


Died Due to 
No. of Ulcer or Ulcer Followed-up Followed-up 
Operation Cases Operations Recurred MoreThan5 Years 5 Years or Less + 
None Í 0 1 Í 0 
Closure alone 3 1 2 2 1 
Closure & Vagotomy* 5 0 0 i 4 
Billroth II* 7 1 4 0 7 
Gastrectomy & Vagotomy 2 0 Í 0 2 
Total 18 2 8 4 14, 


* Both one and two staged procedures included. 

t Includes two patients who died at operation and one patient who died of incidental causes and five patients lost to follow-up. 

Table 4 shows the high recurrence rate following treatment of perforated anastomotic ulcer despite the short period of follow-up of most 
patients. 
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The information obtained from the primary operation 
and pathologic records is often helpful. After Billroth II 
gastrectomy, the presence of duodenal mucosa in the 
gastrectomy specimen will reassure the surgeon that 
there is no retained antrum in the duodenal stump. In 
one of our patients, retained antrum was suspected when 
we discovered no duodenal mucosa in the gastrectomy 
specimen, and this was confirmed on hypotonic duo- 
denography and later at operation. After a primary opera- 
tion of vagotomy we have found the procedure and 
pathologic reports to be less helpful, but occasionally 
hospital records can reliably indicate which vagal trunk 
has been left intact. 

Assessment of cardio-pulmonary function is important 
in a group of patients who are usually past middle age. 
We found that preoperative physiotherapy and antibiotic 
agents benefited those with chronic lung disease. 

It is important to know whether the patient has a 
Zollinger-Ellison syndrome, or whether, in those patients 
who have had Billroth II gastrectomies as their primary 
operations, there are retained antra in the duodenal 
stumps. Although both of these conditions are rare, the 
surgeon should explore and examine the pancreas and 
duodenal stump in patients with perforated anastomotic 
ulcers. These procedures add to the hazards of operation 
particularly when done in the presence of peritonitis. 
Until recently the conscientious surgeon could only 
diagnose these conditions prior to operation by a clinical 
suspicion based on history, acid secretory studies and 
to diagnose retained antrum, hypotonic duodenography. 
Now radio-immune assay of the plasma gastrin is more 
widely available, and we would suggest that it is worth- 
while to take two fasting blood samples from each pa- 
tient with perforated anastomotic ulcer. Although the 
incidence of positive diagnosis will be low,” the major 
advantage is that a needless and perhaps hazardous 
exploration of the pancreas or duodenal stump could be 
avoided. 

We must stress that definitive operation is required in 
all patients if recurrent ulceration is to be avoided. The 
two patients who survived treatment by simple closure 
alone developed recurrent or persistent ulcers. This 
agrees with the recurrence rate of 89% found in the litera- 
ture following simple closure. 

We suggest that definitive operation should be per- 
formed 2 weeks following simple closure, during the 
same hospital stay. The exact timing is a matter of 
clinical judgment, striking a balance between the time 
necessary for the patients to recover sufficiently for 
further operation, and the risk of further complications 
from the anastomotic ulcer. In our study we did not en- 
counter complications as a result of delay even when 
the period of recuperation extended to 2 months ooa 
ing simple closure. 
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TABLE 5. Primary Peptic Ulcer History 
© No 





Perforation Perforation n tal 
Anastomotic 
Perforation 26 43 59 
(37.7) (62.3) 
Ulcer 
No Perforation 119 511 630 
(18.9) (92.1) 
Total 145 554 699 


Table 5 combines the results of the 390 anastomotic ulcer histories 
in our study of 331 patients, with the results of another study of 
the histories of 309 anastomotic ulcers in 309 male patients.’ Per- 
centages (horizontal) are in parenthesis. 


Definitive Operation 
We consider the influence of the primary opera-ion 
for peptic ulcer should determine subsequent treatment. 


Following Gastrectomy 


We advocate transabdominal vagotomy. 

The nine patients in our series with post-gastrectomy 
perforated ulcers had gastrojejunal anastomoses (Table 
3). There were no perforations in the group who had 
gastroduodenal anastomoses. 

Six patients were treated at some stage by trans- 
abdominal vagotomy and all had good results without 
complications or ulcer recurrence on follow-up of 2 to 
8 years. Three of these patients had transabdominal 
vagotomies at the time of closure of the perforation, and 
one had a transthoracic vagotomy 2 weeks following 
closure. One patient had a transabdominal vagotomy 3 
years following medical treatment of a perforated jejunal 
ulcer. 

One patient had a simple closure of a perforated 
jejunal ulcer, and a year later perforated a further ulcer 
and was treated by simple closure followed 2 weeks 
later by transabdominal vagotomy. 

Two patients had more proximal gastrectomies as the 
initial treatment, one died from a dehisced anastomosis, 
and the other was lost to follow-up after 3 months. 

One patient had a Billroth II gastrectomy and vagot- 
omy for persistent ulceration 10 years after simple closure 
of a perforated ulcer, and was well 5 years after definitive 
surgical treatment. 

Vagotomy alone is the treatment of choice for all anas- 
tomotic ulcers following gastrectomy.2 We found that 
perforated anastomic ulcers also responded well to va- 
gotomy. 


Following Vagotomy and Drainage 


We recommend vagotomy alone for these ulcers. How- 
ever, we must record that our treatment of these patients 
was unsuccessful with different forms of surgical pro- 
cedure. All three of our patients developed recurrent 
ulcers after definitive operations (Table 3). 
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Two patients underwent emergency Billroth II gas- 
trectomies. One developed a bleeding jejunal ulcer a 
month later which was treated by vagotomy, and is 
asymptomatic 2 years later. The other continued to have 
prandial pain and was found to have a gastric ulcer and 
retained antrum a year later. His symptoms resolved after 
excision of the antrum and he is asymptomatic 2 years 
later. 

One patient underwent vagotomy and Billroth I gas- 
trectomy 2 months after closure of the perforation. Three 
years later he had symptoms of prandial pain and hema- 
temesis, but declined further operation. 

Repeat vagotomy is difficult technically and more 
likely to be unsuccessful than vagotomy for primary 
peptic ulcer.t However, Billroth II gastrectomy carries 
an appreciable rate of mortality without improvement 
in the ulcer recurrence rate, and is hazardous if the 
duodenum cannot be safely mobilized and closed at the 
time of operation? 


Following Gastroenterostomy 


We recommend Billroth II partial gastrectomy for this 
group with the addition of vagotomy in younger pa- 
tients only. 

Gastroenterostomy has declined from favor as a surgi- 
cal operation for duodenal ulcer, but the late complica- 
tions of this procedure are still with us. It is known that 
perforation can occur many years after gastroenterostomy, 
and this occurred in one of our patients 31 years after 
the primary operation—the longest interval recorded to 
date. Everson and colleagues* noted 28 years as the 
longest interval in 1955. 

Two patients underwent Billroth II gastrectomies as 
an emergency procedure without mortality. One was lost 
to follow-up after 3 months, and the other died of in- 
cidental causes 4 years after operation. 

One patient had a Billroth II gastrectomy 2 weeks 
after simple closure of a perforated ulcer, and was 
alive and well 2 years later. 

One patient was moribund on admission and died 
during simple closure of a perforated ulcer. The 16.6% 
mortality rate in the literature from simple closure is 
usually attributed to the selection of poor risk or mori- 
bund patients for this procedure. 

One patient had a vagotomy and conversion to pyloro- 
plasty 2 months after closure of the perforation, and is 
alive and well 3 years later. 

One patient had a Billroth II gastrectomy and vagot- 


CLEATOR, HOLUBITSKY AND HARRISON 


Ann. Surg. + April 1973 


omy 2 weeks after simple closure and was lost to fol- 
low-up 3 months later. 

In all forms of anastomotic ulcer following gastro- 
enterostomy we have found that gastrectomy alone 
carries a much lower risk of recurrent ulcer, but has a 
similar rate of mortality when compared to vagotomy 
alone. The combination of gastrectomy with vagotomy 
should probably not be performed in elderly patients.* 


Summary 


l. In a study of 331 consecutive patients with anasto- 
motic ulcers, 18 were found to have free perforation 
of their ulcers.. 

2. There was a significant association between a history 
of previous perforation of the primary peptic ulcer 
and perforation of the anastomotic ulcer. 

3, Three patients were treated by simple closure alone, 
and one by medical management. One patient died 
during operation, one had a further perforated anas- 
tomotic ulcer, and the remaining two continued to 
have ulcer symptoms. | 

4. Fourteen patients were treated by definitive opera- 
tion within 2 weeks of perforation. One patient died 
after gastrectomy. Five developed recurrent ulcera- 
tion, one is known to be free of symptoms more than 
5 years after operation, and the remainder have been 
followed-up for 5 years or less. 
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—/ BRIDGE == 


A new and unique device 
designed for use with 
Retention Sutures 


Cross-hatch scarring, infection and patient discomfort 
are serious and persistent problems. Booties, bolsters, 
guides and ordinary bridges press on the incision and cause 
skin necrosis. Exudates collect in them. They must be cut 
to the right length. 

With the new Deknatel Wound Span Bridge, contact 
with the skin is completely outside of the incision and suture 
exit points. This bridge spans the body contours and is 
cushioned at the two contacts with the skin. Cross-hatch 
scarring is virtually eliminated. Cutting and infection at 
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Wound 
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FIVE SMOOTH SUTURE-RECEIVING APERTURES On 
Each Side Make Bridge Adaptable to Varying Distances 
Between Suture Exit Points 


SLOTTED GUIDE Keeps Suture Securely On Bridge 


CONTACT WITH SKIN IS COMPLETELY OUTSIDE For further data and samples, 
OF INCISION AND SUTURE EXIT POINTS uoti 


Queens Village, Long Island, 
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circulation 


Documented by 10 independent 
investigators, in studies involving a total of 
1,809 patients: a low incidence of circula- — eo 
tory depression with Talwin.**° "A 


respiration 


Documented by 9 independent 
investigators, in studies involving a 
totalof 1,296 patients: a low incidence 
ofrespiratory depression with 
Talwin.* 1,2,3,7,9-13 


urinary retention 


Documented by 4 independent 
investigators, in studies involving a 
total of 792 patients: a low incidence of 
urinary retention with Talwin.**'*”° 


narcotic controls 


Documented by 5 years of wide 
clinical use in many thousands of pa- 
tients: a low dependence liability with 
Talwin!’ Talwin is not subject to narcotic con- 
trols. Yet ,Talwin is comparable to narcotics in 
analgesic efficacy.* 
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Brief Summary 

Talwin® brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 

Indications: For the relief of moderate to severe 
pain. Talwin may also be used for preoperative or 
preanesthetic medication and as a supplement to 
surgical anesthesia. 

Contraindication: Talwin should not be adminis- 
tered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care should 
be exercised in prescribing pentazocine for 
emotionally unstable patients and for those with a 
history of drug misuse. Such patients should be 
closely supervised when long-term therapy is 
contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, rarely, 
in patients without such a history. Abrupt discon- 
tinuance following the extended use of parenteral 
Talwin has resulted in symptoms such as ab- 


dominal cramps, elevated temperature, rhinorrhea, 


restlessness, anxiety, and lacrimation. Even when 
these occurred, discontinuance has been accom- 
plished with minimal difficulty. In the rare patient 
in whom more than minor difficulty has been 
encountered, reinstitution of parenteral Talwin 
with gradual withdrawal has ameliorated the 
patient's symptoms. Substituting methadone or 
other narcotics for Talwin in the treatment of the 
Talwin abstinence syndrome should be avoided. 
In prescribing parenteral Talwin for chronic use, 
particularly if the drug is to be self-administered, 
the physician should take precautions to avoid 
increases in dose and frequency of injection by 
the patient and to prevent the use of the drug in 
anticipation of pain rather than for the relief of 
pain. 

Just as with all medication, the oral form of Talwin 
is preferable for chronic administration. 

Head Injury and Increased Intracranial Pressure. 
The respiratory depressant effects of Talwin and 
its potential for elevating cerebrospinal fluid pres- 
sure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions, or 
a preexisting increase in intracranial pressure. 
Furthermore, Talwin can produce effects which 
may obscure the clinical course of patients with 
head injuries. In such patients, Talwin must be 
used with extreme caution and only if its use is 
deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been estab- 
lished. Animal reproduction studies have not 
demonstrated teratogenic or embryotoxic effects. 
However, Talwin should be administered to preg- 
nant patients (other than labor) only when, in the 
judgment of the physician, the potential benefits 
outweigh the possible hazards. Patients receiving 
Talwin during labor have experienced no adverse 
effects other than those that occur with commonly 
used analgesics. Talwin should be used with 
Caution in women delivering premature infants. 
Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, in 
rare instances, hallucinations (usually visual), 
disorientation, and confusion which have cleared 
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spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients should be very closely observed and vital 
signs checked. If the drug is reinstituted it should 
be done with caution since the acute CNS 
manifestations may recur. 

Usage in Children. Because Clinical experience in 
children under ‘welve years of age is limited, the 
use of Talwin in this age group is not recom- 
mended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, ambu- 
latory patients should be warned not to operate 
machinery, drive cars, or unnecessarily expose 
themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory 
depression should be considered in treatment of 
patients with bronchial asthma. Talwin should be 
administered only with caution and in low dosage 
to patients with respiratory depression (e.g., from 
other medication, uremia, or severe infection), 
obstructive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
Causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver dis- 
ease appears to predispose to greater side 
effects (e.g., marked apprehension, anxiety, dizzi- 
ness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism of 
the drug by the liver. 

Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with myo- 
cardial infarction who have nausea or vomiting. 
Biliary Surgery. Until further experience is gained 
with the effects of Talwin on the sphincter of 
Oddi, the drug should be used with caution in 
patients about to undergo surgery of the biliary 
tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the daily 
treatment of narcotic dependence, have experi- 
enced mild withdrawal symptoms after receiving 
Talwin. 

CNS Effect. Caution should be used when Talwin 
is administered to patients prone to seizures; 
seizures have occurred in a few such patients in 
association with the use of Talwin although no 


cause and effect relationship has been established. 


Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or lighthead- 
edness, vomiting, euphoria. 

Infrequently occurring reactions are—respiratory: 
respiratory depression, dyspnea, transient apnea 
in a small number of newborn infants whose 
mothers received Talwin during labor: cardiovas- 
cular: circulatory depression, shock, hypertension; 
CNS effects: sedation, alteration of mood (ner- 
vousness, apprehension, depression, floating feel- 
ing), dreams; gastrointestinal: constipation, dry 
mouth; dermatologic including local: diaphoresis, 
sting on injection, flushed skin including plethora, 
dermatitis including pruritus; other: urinary reten- 
tion, headache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromuscular 
and psychiatric: muscle tremor, insomnia, disori- 
entation, hallucinations; gastrointestinal: taste 
alteration, diarrhea and cramps; ophthalmic: 
blurred vision, nystagmus, diplopia, miosis; other: 
tachycardia, soft tissue induration, nodules, 
cutaneous depression, and ulceration (sloughing) 
at the injection site, weakness or faintness, chills, 
moderate transient eosinophilia, allergic reactions 
including edema of the face. 

See Acute CNS Manifestations and Drug 
Dependence under WARNINGS. 

Dosage and Administration: Adu/ts, Excluding 
Patients in Labor. The recommended single 


parenteral dose is 30 mg. by intramuscular, sub- 
cutaneous, or intravenous route. This may be 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly 

or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. As with 
most parenteral drugs, when frequent daily injec- 
tions are needed over a prolonged period, intra- 
muscular administration is preferable to subcuta- 
neous. In addition, constant rotation of injection 
sites (e.g., the upper outer quadrants of the but- 
tocks, mid-lateral aspects of the thighs, and the 
deltoid areas) is recommended. 

Patients in Labor. A single, intramuscular 30 mg. 
dose has been most commonly administered. An 
intravenous 20 mg. dose has given adequate pain 
relief to some patients in labor when contractions 
become regular, and this dose may be given two 
or three times at two- to three-hour intervals, as 
needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vasopres- 
sors, and other supportive measures should be 
employed as indicated. Assisted or controlled ven- 
tilation should also be considered. Although 
nalorphine and levallorphan are not effective anti- 
dotes for respiratory depression due to overdos- 
age or unusual sensitivity to Talwin, parenteral 
naloxone (Narcan®, available through Endo 
Laboratories) is a specific and effective antagonist. 
Talwin is not subject to narcotic controls. 

How Supplied: Ampuls of 1 mi. (30 mg.), 1⁄2 ml. 
(45 mg.), and 2 ml. (60 mg.) in boxes of 25. 

Each 1 ml. contains Talwin (brand of pentazocine) 
as lactate equivalent to 30 mg. base and 2.8 mg. 
sodium chloride, in water for injection. 

Multiple dose vials of 10 ml., each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium 
bisulfite, 1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water for injec- 
tion. Boxes of 1. 

The pH of Talwin solutions is adjusted between 

4 and 5 with lactic acid and sodium hydroxide. The 
air in the ampuls and vials has been displaced 
by nitrogen gas. 
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BARDIC 


Baker Jejunostomy 
Catheter 

with Air-Port 
Adapter 


A Significant Aid in the Removal 
of Intestinal Obstruction When 
Complicated by a Distended Bowel 





The BARDIC Baker Jejunostomy Catheter with 
Air-Port Adapter is a biluminal plastic catheter 
size 16Fr. by 108” long. It has two opposing 
suction eyes, a 15cc latex balloon and inflation 
lumen complete with BARD valve. The Air-Port 
Adapter permits fingertip-controlled interrup- 
tion of suction. 


In operating for obstructions of the small intestine it is 
essential in the advanced cases to surgically decompress 
the distended bowel, as well as free the obstruction. 

In these advanced cases the dilated bowel has become 
atonic and can more quickly regain its peristalsis if com- 
pletely decompressed. In such situations this catheter is 


inserted into the jejunum through a purse-string suture 
approximately 12 inches distal to the ligament of Treitz, the 
purse-string is tightened and the balloon is inflated. 
The tube is then connected to low vacuum suction and 
advanced the length of the bowel as flatus and fluid are 
suction-evacuated and measured. The small inflated 
balloon, being firm rather than flaccid, enables the surgeon 
to obtain traction on the catheter and thereby propel 
it expeditiously along the length of the distended intestine. 
The Air-Port Adapter allows suction to be interrupted 
as needed, but may be substituted by a glass Y connection 
should it become necessary to irrigate any plugged 
material from the tube. After decompression is completed 
and the obstruction relieved, the intestine, threaded on 
the tube, is easily reduced into the abdomen in an orderly 
back and forth manner, avoiding acute angula- 
| tions. The tube can be left indwelling for seven 
«= to ten days to protect against ileus and also 
= against obstructive angulation from recurring 
i | adhesions. The more extensive the loss of 
2) peritoneal surface from previous 
; peritonitis, granulomatous or surgical 
adhesions, the more quickly and surely 
will these adhesions reform. The in- 
dwelling tube guides the pattern of the 
early reformation of adhesions against 
obstructing or sharp angulations. A 
Witzel tunnel exit is used for the prox- 
imal end of the tube. Care should be 
exercised in making the tunnel not to obstruct 
è . the lumen of the jejunum at this point. It is less 
H _ awkward to place the distal end of the tube 
{ through the stab incision in the left upper 
_ quadrant of the abdominal wall at the begin- 
ning of the operation, rather than to pull the 
double proximal end through the stab at the 
completion of the operation. 







ADVANTAGES 
The immediate technical operative advantages 
are: 


1. The site of the obstruction can be more safely 
visualized and freed without spillage. 


2. Respiratory embarrassment is immediately relieved. 
3. The abdominal wound can be more easily closed. 
4. There is less trauma to the eviscerated intestine. 


5. The opportunity for recurring obstruction is reduced. 


The physiologic advantages are even more important. 
The luminal, possibly toxic, content has been completely 
aspirated and measured. The collapse of the bowel 
permits prompt restoration of its blood circulation; edema 
can then subside, and peristalsis is recovered more 
promptly. Relief of the source of obstruction alone without 
decompression does not insure the immediate 

reversal of this edema, venous stasis and atonicity. Actu- 
ally, this decompression should be accomplished first to 
insure against spillage when a knife-like adhesion is 
freed, and to lend orderly neatness to the procedure. 







Figure 1. The small inflated balloon, being firm 
rather than flaccid, enables the surgeon to obtain 
traction on the catheter and thereby propel it 
expeditiously along the length of the 

distended intestine. 
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Figure 2. The Air-Port Adapter allows suction to 
be interrupted if the tip of tube engages the 
mucosa, but may be substituted by a glass Y con- 
nection should it become necessary to irrigate any 
plugged material from the tube. 


Figure 3. The small intestine threaded on the 
long tube has been reduced into the abdomen in 
orderly folds. 
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BARD 173013 

BARDIC® Baker Jejunostomy Catheter 

Pediatric Size 12Fr., 72” long with Air-Port Adapter 
- 5 cc balloon 


BARD 173016 

BARDIC® Baker Jejunostomy Catheter 

Adult Size 16 Fr., 108” long with Air-Port Adapter 
-15 cc balloon 
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LTHOUGH herniorrhaphy may 
be considered a common and 

relatively minor surgical procedure, 
the anesthetic used is not a minor 
consideration. And, in a long, often 
complicated procedure such as 
nephrectomy, the choice of anes- 
thetic agent is even more critically 
important to surgeon, anesthesiol- 
ogist and patient. 

From herniorrhaphy to nephrec- 
tomy, FLUOTHANE (halothane) 
anesthesia offers important character- 
istics which are adaptable to the needs 
of many surgical procedures. For 
example, in herniorrhaphy, unevent- 
ful postop recovery is apt to be an 
important consideration—a require- 
ment that is well met by FLUOTHANE. 
And, in prolonged surgery such as 
nephrectomy, the necessity for con- 
tinuous electronic monitoring of the 
patient is facilitated by FLUOTHANE 
because it is nonexplosive and non- 
flammable. These properties take 
on added significance in view of the 
multiplicity of electrical devices 
employed in the modern operating 
room. 





pores sey © 


to nephrectomy 


From herniorrhaphy to nephrec 
tomy, FLUOTHANE (halothane) is 
the most widely used inhalant 
anesthetic...with good reason. 

o nonflammable, nonexplosive 

o permits use of high concentratio1 
of oxygen 

o allows free use of cautery for mor 
adequate control of bleeding 

o minimal odor facilitates smooth, 
rapid induction without engen- 
dering patient distress 

o early obtundation of pharyngeal 
and laryngeal reflexes facilitates 
intubation—effects which persist 
throughout light planes of 
maintenance 

o nonnritating to air passages—do 
not provoke laryngospasm, retch- 
ing, coughing 

o lessens airway problems 

O permits rapid changes in depth 
of anesthesia 





o emergence 1s rapid and tranquil 
@ with quick recovery of protective 
reflexes 
O minimal nausea and vomiting, 
brandof HALOTHANE ““"“°""""~ 


the most widely used inhalant anesthetic 
from 


Ayerst. ..for precision, experience, and quality. 








(See last page of advertisement for Brief Summary., 


BRIEF SUMMARY 

(For full prescribing information, 

see package circular.) 

FLUOTHANE® (HALOTHANE) 
FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in propor- 
tions from 0.5 to 50 per cent (v/v) are 
not explosive. FLUOTHANE does not de- 
compose in contact with warm soda 
lime. When moisture is present, the 
vapor attacks aluminum, 
lead, but not copper. FLUOTHANE is solu- 


brass, and 


ble in rubber, some plastics, and similar 
materials; such materials will deterior- 
ate rapidly in contact with FLUOTHANE 
vapor or liquid. Stability of FLUOTHANE 
is maintained by the addition of 0.01 
per cent thymol (w/w), and storage is in 
amber colored bottles. 

FLUOTHANE should not be kept in- 
definitely in vaporizing bottles not spe- 
cifically designed for its use. It is recom- 
mended that vaporizers be emptied at the 
end of each operating day. Thymol does 
not volatilize along with FLUOTHANE, and 





therefore accumulates in the vaporizer, 
and may, in time, impart a yellow color 
to the remaining liquid or to wicks in 
vaporizers. The development of such dis- 


coloration may be used as an indicator 
that the vaporizer should be drained and 
cleaned, and the discolored FLUOTHANE 
discarded. Accumulation of thymol may 
be removed by washing with diethyl 
ether. After cleaning a wick or vapor- 
izer, make certain all the diethyl ether 
has been removed before reusing the 
equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 
altered. FLUOTHANE 


rapidly progres- 


sively depresses respiration. ‘There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE 
is not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
may develop 


poxia, acidosis, or apnea 


during deep anesthesia. 


FLUOTHANE® (HALOTHANE) IS AVAILABLE IN THE UNITED STATES 


FLUOTHANE (halothane) reduces the 
blood pressure, and frequently decreases 
the pulse rate. The greater the concen- 
tration of the drug, the more evident 
these changes become. Atropine may re- 
verse the bradycardia. FLUOTHANE does 
not cause the release of catecholamines 
from adrenergic stores. FLUOTHANE also 
causes dilation of the vessels of the skin 
and skeletal muscles. Cardiac arrhyth- 
mias may occur during FLUOTHANE anes- 
thesia. These include nodal rhythm, AV 
dissociation, ventricular extrasystoles 
and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the ac- 
tion of epinephrine and norepine- 
phrine, and the combination may cause 
serious cardiac arrhythmias. FLUOTHANE 
increases cerebral spinal fluid pressure. 
FLUOTHANE produces moderate muscu- 
lar relaxation. Muscle relaxants are 
used as adjuncts in order to maintain 
lighter levels of anesthesia. FLUOTHANE 
augments the action of nondepolarizing 
relaxants and ganglionic blocking 
agents. FLUOTHANE is a potent uterine 
relaxant. 

Indications. FLUOTHANE is indicated for 
the induction and maintenance of gen- 
eral anesthesia. 

Contraindications. FLUOTHANE should 
be avoided when a previous exposure 
was followed by fever and jaundice, or 
when there was an unexplained postop- 
FLUOTHANE (halothane) 
is not recommended for obstetrical an- 


erative fever. 


esthesia except when uterine relaxation 
is required. 

Warnings. FLUOTHANE should be used 
in vaporizers that permit a reasonable 
approximation of output, and prefer- 
ably of the calibrated type. The vapori- 
zer should be placed out of circuit in 
closed circuit rebreathing systems; 
otherwise overdosage is difficult to avoid. 
The patient should be closely observed 
for signs of overdosage, i.e., depression 
of blood pressure, pulse rate, and venti- 
lation, particularly during assisted or 
controlled ventilation. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, 
unless, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnor- 
malities involving liver dysfunction, in- 
cluding a history of viral hepatitis, may 
be a basis for selecting an anesthetic 
other than a halogenated agent. 

The uterine relaxation obtained with 


BY ARRANGEMENT WITH IMPERIAL CHEMICAL INDUSTRIES, LTD. 


FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, 
if FLUOTHANE is indicated, administra- 
tion should be preceded by measures 
ordinarily used to reduce cerebrospinal 
fluid pressure. Ventilation should be 
carefully assessed, and it may be nec- 
essary to assist or control ventilation to 
insure adequate oxygenation and car- 
bon dioxide removal. 

Epinephrine or norepinephrine 
should be employed cautiously, if at all, 
during FLUOTHANE (halothane) anes- 
thesia since their simultaneous use may 
induce ventricular tachycardia or fibril- 
lation. 

Nondepolarizing relaxants and gan- 
elionic blocking agents should be ad- 
ministered cautiously, since their actions 
are augmented by FLUOTHANE. 
Adverse Reactions. The following ad- 
verse reactions have been reported: 
hepatic necrosis, cardiac arrest, hypo- 
tension, respiratory arrest, cardiac ar- 
rhythmias, hyperpyrexia, 
nausea, and emesis. 


shivering, 





Dosage and Administration. FLUOTHANE 
may be administered by the nonre- 
breathing technic, partial rebreathing, 


or closed technic. The induction dose 


varies from patient to patient. ‘The 


maintenance dose varies from 0.5 per 


cent to 1.5 per cent. 

How Supplied. No. 3125—Unit pack- 
ages of 125 cc. and 250 cc. of halothane 
stabilized with 0.01% thymol (w/w). 


FLUOTHANE 


(HALOTHANE) 
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inhalant anesthetic... 
from 

Ayerst) NARKS 
for precision,experience, 
and quality. 
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Reoperation for Congenital Duodenal Diaphragm 


\ ESPITE its uncommon occurrence, much has been 
D written about the primary treatment of intrinsic 
congenital obstructions of the duodenum.’ Most of these 
réports concern surgical procedures performed in the 
neonatal period at pediatric surgical centers. Historically, 
Calder; in 1733, presented the first documented case of 
duodenal atresia.2!2635 In 1902, Tandler, in a description 
of events observed in the study of 11 human embryos, 
proposed a theor¥ of etiology for duodenal atresia that 
yet stands and has been confirmed by others in more ex- 
tensive study. He proposed that this anomaly is due to 
failure of recanalization, by coalescence of vacuoles, of 
the site of previous epithelial proliferation occurring in 
the duodenum at the 30th to 50th day of gestation. Con- 
sidering Tandler’s findings in conjtinction with the theory 
of J. Bland Sutton (1889) (that congenital disturbance 
occurs at the site of multiple embryological events) ,*.° 
we can see the reason for atresia most often occurring 
at the level of the ampulla of Vater. Since epithelial 
proliferation apparently occurs rarely at the jejunoileal 
level or in the colon, the theories of Tandler and Sutton 
should not be applied in other than duodenal atresias. 
Certainly in jejunoileal atrésias one must accept ah 
etiology secondary to some form of fetal injury with 
vascular insufficiency and infarction.11170,26.27,.31 Fetal 
surgical studies in experimental animals by Louw and 
Barnard, and later by Abrams, are complementary and 
convincing of this fact.1+20 

Ernst, in 1914, successfully treated an atresia of the 
third portion of the duodenum by anterior duodeno- 
jejunostomy in an 1l-day-old male infant. This latter 
case was reported in the British Medical Journal in 1916 
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and gave credit to Fockens, of Rotterdam, for the original 
operative treatment of ileal atresia in 1910, by entero- 
entero-ariastomosis. Multiple reports have presented con- 
genital partially-obstructing duodenal lesions in adult- 
hood, even to the age of 78 years.” These lesions range in 
spectrum from complete atresia of the duodenum, to 
diaphragmatic webs with an eccentric lumen, to stenosis. 
Certainly the anatomic form and degree of obstructiori 
greatly contribute to the age at onset of symptoms. Kreig, 
in 1937, noted that 29% of duodenal diaphragms were at 
that time being diagnosed after the age of 24 years.‘ 

There are proponents of direct attack on the offending 
lesion and also of bypass utilizing duodenojejunostomy, 
duodenoduodenostomy, and gastroenterostomy. Recently 
we have encountered two particularly interesting cases 
of intrinsic duodenal obstruction which had been treated 
successfully in the neonatal period, only to appear later 
with intractable upper gastrointestinal symptoms. 


Case Reports 

Case Í. D.A. #66171. A 7 Ib. 6 oz. baby girl born of an un- 
eventful pregnancy and delivery, did well. until the fourth day of 
life when she see unrelenting vomiting. Upper gastroin- 
testinal X-rays at 2 weeks of age showed duodenal dilatation with 
“partial obstruction” of the third portion of the duodenum. Ex- 
ploratory laparotomy revealed “transduodenal bands” with a sec- 
ondarily obstructed and dilated duodenum. These bands were 
divided and a duodénojejunostomy was constructed at the junc- 
tion of the second and third portions of the duodenum. 

Symptoms persisted in a lesser degree in the following weeks, 
but were relieved greatly by conversion to a low curd milk for- 
mula. She was admitted to the USAF Hospital, Ellsworth Air 
Force Base, in October 1970 at the age of 4 years with a history 
of recurrent upper abdominal distention and associated nausea and 
vomiting. Voiniting occurred every 2 to 3 days and was associated 
with relief of the abdominal distention. The vomitus frequently 
contained food ingested several days previously. Upper gastroin- 
testinal X-rays revealed a massive dilatation of the first and second 
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portions of the duodenum with some distal passage of barium 
(Fig. 1). At exploratory laparotomy gross dilatation of the first 
and second portions of the duodenum and a retrocolic isoperistaltic 
duodenojejunostomy was patent on external examination. An en- 
terostomy incision was made across the duodenojejunostomy anas- 
tomosis. On proximal exploration of the duodenum through the 
enterostomy an obstructing windsock diaphragm was demonstrated 
(Fig. 2A). No fenestration of the diaphragm could be demon- 
strated, although one was present. A proximal transverse duode- 
notomy incision was made and duodenoduodenojejunostomy was 
carried out (Fig. 2B) after simple incision of the duodenal dia- 
phragm with oversewing of its edges by hemostatic suture with 
0000 chromic catgut. A small amount of vegetable material was 
extracted from the duodenum during these maneuvers. 

Postoperatively the patient had an uneventful course and was 
discharged from the hospital on the tenth postoperative day. Since 
discharge from the hospital, the patient has been totally relieved 
of symptoms. Follow-up gastrointestinal X-rays have shown dimi- 
nution of the patient’s duodenal dilatation with good duodenoje- 
junal passage of contrast material (Fig. 3). 

Case 2. C.K. #68715. A 6 lb. 11 oz. baby girl was born of an 
unremarkable pregnancy and vaginal delivery. Her postnatal course 
was normal until the fifth day of life when she began to have 
projectile vomiting of all feedings. Upper gastrointestinal X-rays 
on the eleventh day of life showed an “obstruction of the first por- 
tion of the duodenum”, Subsequent exploratory laparotomy re- 
vealed a markedly distended first portion of the duodenum, and 
attempts to pass a catheter through this area were unsuccessful. 
The distal small bowel and colon appeared to be normal. An ante- 


Fic. 1. Patient D. A. X-ray demonstrating preoperative finding of 
a dilated second portion of the duodenum with passage of contrast 
material distally. 
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Fic. 2A. Patient D. A. This sketch demonstrates operative finding 
of a windsock diaphragm in the mid-second portion of the duo- 
denum. Also shown is the prior ineffective duodenojejunostomy. 
Incisions A-B and A!-B! represent enterostomy sites and points 
of anastomosis as shown in Fig. 2B. 


colic isoperistaltic gastrojejunostomy was done and the patient had 
a totally uneventful convalescence. 

She did well until the age of 17 years when she experienced 
the gradual onset of right upper quadrant and epigastric cramping 
pain. There was no association of these symptoms to meals nor 
was there any associated vomiting. In August, 1971 at the USAF 
Hospital, Ellsworth Air Force Base, she was evaluated at the age 
of 19 years. Upper gastrointestinal X-rays showed a functioning 
gastrojejunostomy and a massively dilated first and second portion 
of the duodenum with stasis of contrast material in this area (Fig. 
4A and 4B’. Abdominal exploration revealed a patent anterior 
gastrojejunostomy, a partial malrotation of the colon, and dilata- 
tion of the first and second portions of the duodenum with an an- 
nular pancreas about the mid-second portion (Fig. 5A). The gas- 
troenterostomy was dismantled and closure of the jejunum and 
greater curvature of the stomach was carried out. 

Peritoneal bands across the duodenum from the right colon 
were divided and the duodenum was exposed. A transverse duo- 
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Fic. 2B. Patient D. A. Sketch showing configuration of duodeno- 
duodenojejunostomy at completion of operative procedure. 


denotomy incision was made distal to the level of the annular 
pancreas and a windsock web of the duodenum originating at a 
pre-ampullary level was identified. The ampulla of Vater was it- 
self identified and probed. The ampulla was present posterolat- 
erally in the second portion of the duodenum distal to the pre- 
viously described diaphragm. A proximal transverse duodenotomy 
incision was then made ( Fig. 5B). The duodenal diaphragm was 
partially resected and the margin oversewn with a running locked 
stitch of 0000 chromic catgut suture. A duodeno-duodenostomy 
was then performed in two layers thus bypassing an area of rela- 
tively fixed stenosis with a 1.5 cm. diameter at the level of the 
annular pancreas (Fig. 5C). Cholecystectomy was also performed 
since the gallbladder was noted to be thick walled and chronically 
inflamed. No calculi were noted within the gallbladder at this time. 
The patient had an uneventful postoperative course and was dis- 
charged from the hospital on the twelfth postoperative day. Since 
discharge she has had total relief of her previous upper gastroin- 
testinal symptoms. Follow-up upper gastrointestinal x-rays, 2 
months postoperatively, revealed good transduodenal passage of 
barium with moderate residual dilatation (Fig. 6). 


Discussion 


Neither of our patients had any manifestations of other 
congenital defects, nor was there a history of maternal 
hydramnios associated with either pregnancy. Neither 
patient was the result of a premature birth. Tables 1, 2 
and 3 briefly illustrate the association of these problems 
others have found in their own series and in extensive 
reviews,7:9:18,382,36 
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Our cases are not unique, but each points out a po- 
tential error in the neonatal management of intrinsic 
duodenal obstruction. Indeed, Richardson and Martin in 
1969 showed, with illustration, a deodenojejunostomy 
constructed downstream from an obstructing duodenal 
diaphragm, thus leaving the obstruction unrelieved.28 
The associated dilatation of the duodenum is due to the 
effect of distention of the windsock web, and is not a 
manifestation of the true level of obstruction. The above- 
mentioned error in placement of the bypassing anastomo- 
sis had been made in our first case (D.A.) and could have 
been avoided by the passage of a catheter from the 
stomach, through the duodenum to the proposed level 
of anastomosis.” Remarkably, our patient (D.A.) was 
able to gain weight and thrive moderately well. Although 
she had been troubled by frequent vomiting, nutrients 
obviously were passed in adequate quantity through a 
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Fic. 3. Patient D. A. X-ray findings approximately 2 months 
postoperatively demonstrating diminution of previous duodenal 
dilatation with good distal passage of contrast material. 
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Fıc. 4A. Patient C. K. Preoperative upper gastrointestinal X-ray 
showing hourglass configuration of dilated second portion of the 
duodenum. The constriction at the mid-second portion proved to 
be caused by an annular pancreas. Passage of contrast material 
through a patent gastrojejunostomy is also seen. 


small, yet undemonstrated, fenestration in the offending 
diaphragm. 

Frequent warnings against gastroenterostomy as pri- 
mary treatment for obstructing duodenal lesions are 
found in the literature.!+1%?180 Persistent dysfunctional 
systoms secondary to the resultant blind pouch make 
this procedure a poor choice. However, this condemna- 
tion is not universal as evidence by F eggetter’s statement 
defending the value of gastrojejunostomy in comparison 
with duodenojejunostomy.* His series consisted of 20 
patients treated with bypass procedures; seven by duo- 
denojejunostomy, 13 by gastrojejunostomy. Of the 13 
patients treated with gastroenteric anastomosis, three 
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have required reoperation. None of these re-explorations, 
however, has been in relation to symptoms secondary 
to a blind duodenal ending In comparison, six of the 
seven patients treated with duodenojejunostomy have 
been asymptomatic since operation. Nevertheless, our 
second case (C.K.) indicates the long-term risks in- 
volved. Although 19 years old this girl had been symp- 
tom-free until almost 3 years prior to the most recent 
surgical procedure, progressive intractable upper ab- 
dominal pain led to re-exploration and has been relieved 
by surgically eliminating the blind duodenal pouch. 

In 1966 Hickey and Bernhart reported the case of a 
12-year-old boy who at the age of 2 days had had anterior 
gastroenterostomy for duodenal atresia.!4 He was later 
re-explored for an 8-year history of postprandial epigastic 
pain with a diagnosis of jejunal diverticulum which was 
seen distal to a functioning gastroenterostomy on upper 
gastrointestinal X-ray. The gastroenterostomy was dis- 
mantled and a duodenoduodenostomy was performed 
after incision of two duodenal “veils”, At short-term fol- 
low-up he was free of symptoms. Discussions of cases 
of this type inevitably and logically lead us to the ques- 
tion of which procedure is the one of choice for primary 
treatment of obstructing duodenal diaphragm. Basically 
two avenues are open: 1) bypassing procedure, and 2) 
resection with duodenoplasty. Each procedure resolves 
the problem by restoring alimentary flow past the level 
of the previously obstructed duodenum. 

Certainly the more direct approach of resection and 
duodenoplasty as advocated by Richardson and Martin,** 
Tunell and Connally,** and others," is appealing. This 
approach leaves a normal route for food passage without 
the distortion and afferent or blind loops associated with 
the bypass procedures. As has been repeatedly noted, 
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Fic. 4B. Patient C. K. Preoperative X-ray demonstrating the inter- 
face of contrast material proximal and distal to the duodenal 
diaphragm in the distal second portion of the duodenum. 
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Fic. 5A. Patient C. K. Sketch showing preoperative findings of 
dilated duodenum, constriction due to annular pancreas and 
functioning gastrojejunostomy. 


care must be taken to identify and protect the ampullary 
structures during any surgical maneuver in this area.!° 
18.28.36 While dissection here is safe in the most experi- 
enced hands, it is somewhat less safe in the hands of 
others with limited experience in this anatomic area. Be- 
cause of this fact, most authors in the past and to the 


TABLE 1. Associated Anomalies ( Fonkalsrud et al. 2) 503 Cases 





Mongolism 29% (150) 
Malrotation of Colon 19% (98) 
Congenital Heart Disease 17% (86) 
Tracheoesophageal Fistula 7% (34) 
Renal Anomalies 5% (26) 
Respiratory Distress Syndrome 4% (19) 
Imperforate Anus 3% (17) 


241/503 Infants (48%) with associated abnormalities. 
24% with greater than one associated anomaly. 
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Fic. 5B. Patient C. K. Sketch showing operative finding of wind- 
sock diaphragm and the peee aiea position of the ampulla of 
Vater distal to the diaphragm. A-B and A1-B2 represent proximal 
and distal transverse duodenotomy incisions which were anasto- 
mosed as shown in Fig. 5C. 


TABLE 2. Associated Anomalies (Young & Wilkinson**) 124 Cases 
i ie i ie er UUU 


Mongolism 26% (33) 
Annular Pancreas 23% (29) 
Cardiovascular 22% (27) 
Malrotation 21% (26) 
Esophageal Atresia 14% cy) 
Small Bowel Abnormality 10% (12) 
Hindgut Abnormality 5% (6) 





70% had at least one other abnormality. 


TABLE 3. Associated Poly Hydramnios 
Sl Sat ig cag na a ae 
Per cent with 


Total Cases Poly Hydramnios 


Fonkalsrud et al? (1969) 342 45% 
Lloyd & Clatworthy?8 (1958) 49 47% 
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Fic. 5C. Patient C. K. Sketch showing completed duodeno- 
duodenostomy, cholecystectomy and suture lines resulting from 
dismantling of the gastrojejunostomy. 


present day favor retrocolic isoperistaltic duodeno- 
jejunostomy as the procedure of choice.*1°:'"*° Indeed, 
many condemn direct attack upon the obstructing leisons 
as carrying untoward risk.1° In 1953, Gross stated that 
it is always the best judgment to perform a bypass pro- 
cedure. It is of interest, however, that Ladd, in 1937, 
although stating his preference for posterior duodeno- 
jejunostomy,'®:!°!" seemed intrigued with direct cauteri- 
zation and duodenoplasty as described in 1936 by Morton 
and Jones.'? Proponents of both measures can admirably 
defend their points of view as functional results are 
gratifying with each. 442s The key to good results 
with an acceptable rate of mortality here seems to lie 
in superior preoperative and postoperative evaluation and 
care. 

As early as 1931 it was pointed out by Webb and 
Wangensteen that multiple atresias of the small bowel 
occur in almost 15% of patients. Ignoring additional 
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Fic. 6. Patient C. K. Postoperative Af ray at 2 months demon- 
strating decrease in duodenal dilatation with good transduodenal 
passage of contrast material. 


areas of atresia or stenosis has led to many otherwise 
unnecessary re-explorations.®"*?°® An understanding of 
the potential forms of neonatal duodenal obstruction is 
essential if one is to avoid errors in placement of the by- 
pass anastomosis or in overlooking the occasional case 
of multiple obstructing lesions. 177° Certainly appro- 
priate sophisticated procedures performed in the neonatal 
period would have prevented the subsequent difficulties 
encountered our patients. However, both patients 
thrived and were good candidates for reoperation at a 
time when they were both metabolically stable and had 
grown to a size in which anatomic defects were more 
easily recognized and appropriately treated. 


Summary 


Two patients underwent treatment for’ symptoms of 
upper gastrointestinal dysfunction se ‘condary to duodenal 
diaphragm. Both had undergone apparently successful 
surgical “procedure s in the neonatal period. Our methods 
of dealing with their problems and a discussion of perti- 


nent literature is reported. 

The views expressed herein are those of the author and do not 
necessarily reflect the views of the U. S. Air Force or the Depart- 
ment of Defense. 
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Intestinal Absorption during Hypovolemic Shock 


HE SPLANCHNIC bed has been shown to be an im- 

portant site of transcapillary refill during early 
hemorrhagic shock.!® However, thé splanchnic source 
of this homeostatic méchanism is not known. Since the 
intestine is primarily an organ of absorption, it is a likely 
source particularly in view of studies indicating in- 
creased salt and H2O absorption during hypovolemic 
shock,18.24 Ori the other hand, several studies have shown 


that the small intestine accumulates fluid during hemor- ' 


rhagic shock,®%13.21,22 Failure of intestinal absorption dur- 
ing shock, moreover, is consistent with metabolic de- 
rangements observed in certain experimental prepara- 
tions. 

The purpose of this study was to examine the ab- 
sorptive function of the terminal ileum and determine 
the mechanism of altered absorption during hypovole- 
mic shock. 


Materials and Methods® 


Laparotomy under local anesthesia,** lidocaine, 0.5%, 
was performed on New Zealand white rabbits (3-3.5 
Kg.) which previously had been allowed free access to 
a standard diet and H40. Both ends of a 10-14 cm. seg- 
ment of terminal ileum were cannulated with soft plastic 
tubing. The isolated segment was flushed clean with 
HCO;-Ringer’s solution. The proximal | end of the iso- 
lated loop was tacked to the anterior abdominal wall to 
prevent angulation. The open end of the intestine distal 


Submitted for publication July 13, 1972. 
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as observed in the present and in a previous study (12). 
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to the isolated loop was ligated. Ileum proximal to the 
loop was cannulated and allowed to drain to gravity 
in order to avoid distention (this maneuver; however, 
was subsequently found to bé unnecessary). 

A HCO,- -Ringer-agar filled PE90 bridge was inserted 
into the lumen with the distal cannula. An identical 
bridge was placed on the serosa by plicating it over 
the bridge with superficial seromuscular sutures of 6-0 
silk. This maneuver did not encroach enough upon the 
lumen to impede flow at the rate of luminal perfusion 
used in this study. Each bridge was placed in contact 
with a reference electrode connected to an electrometer 
which was monitored on a recorder for continuous meas- 
urement of the electrical potential difference (PD) 
across the ileum. 

Immediately following closure of the abdomen, the 
ileal loop was perfused with HCO -Ringer’s solution 
containing polyethylene glycol (PEG 4000), 1 mg./ml., 
and the following in mEq/L; Na, 135; K, 10; C1, 120; 
and HCOs, 25. The solution was continuously infused 
with a syringe pump calibrated to deliver 15 ml./hr. 
This rate of infusion has been shown not to cause dis- 
tention of an isolated segment of rabbit ileum. The 
infusion circuit was water jacketed and kept at 38.5°C 
so that the perfusate was 37°C as it entered the ileum. 
Rectal temperature was monitored continuously, and the 
infusate temperature was’ adjusted accordingly even 
though rectal temperature did not vary more than 0.5°C. 
A 45-60 minute period was allowed to pass before the 
ileal efluent was collected for analysis. By the end of 
this period, blood pressure, PD and rectal temperature 
had stabilized. Thereafter, the ileal efluent was col- 
lected every 30 minutes for 2 hours: 

A femoral artery was cannulated with a PE90 cath- 
eter. Mean blood pressure was obtained with a strain 
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gage transducer connected to a recorder. Samples were 
removed periodically from the arterial catheter for 
chemical analysis. This did not amount to more than 9 
ml. in control rabbits. Following collection of the first 
30-minute sample of ileal effluent in the experimental 
rabbits, blood was withdrawn from the femoral artery 
catheter over a 5-15-minute period until the blood pres- 
sure decreased to 40-50 mm. Hg. Subsequent withdrawal 
of smaller amounts of blood were required occasionally 
to maintain the blood pressure within this range. A dia- 
gramatic representation of the experimental preparation 
is shown in Figure I. 

The following determinations were made on blood 
and/or ileal perfusate: Na, K, Cl, HCOs, Pos, Pcoe 
and pH. PEG was analyzed by the method of Hyden.”* 

Electrolyte fluxes and water flow were calculated by 
the following formulas: 


PEG 
Net Flux = R| I mmm- 3 x PEO) (1) 
and 
_ F EEGs) 
Net Water Flow = R(t PEG, (2) 


where R is the perfusion rate; Į is the concentration of 
ion; 0 represents initial concentration; f is final concen- 
tration; and PEG ‘is the concentration of polyethylene 
glycol. | l l 


Oxygen consumption of ileal mucosa in vitro was de- 


termined in a second series of experiments. Laparotomy 


was performed under local anesthesia following cannu- 
lation of a femoral artery. A 2-3 cm. segment of term- 
inal ileum was excised; the open ends of the remaining 
bowel were ligated; and the: abdominal incision was 
closed. Immediately following its excision, the ileal 
segment was opened, and the lumen was gently washed 
with HCO;-Ringer’s solution, The mucosa was quickly 
stripped from its underlying tissue and placed in a glass 
vessel containing HCO ;-Ringer’s solution equilibrated 
with room air. Oxygen consumption at 37°C was de- 
termined with a Yellow Springs Instrumentation Co. 
Model 55 Biological Oxygen Monitor. 


Results 


The mean blood pressure, 99 mm. Hg, of 24 control 
rabbits did not change significantly. Reduction of mean 
blood pressure of 23 rabbits to within 40 to 50 mm. Hg 
required the removal of a volume of blood equal to 1.8 
+ 0.1% (mean + 1 SEM) body weight. Plasma electro- 
lytes of control rabbits did not change significantly dur- 
ing the experimental period and did not differ signifi- 
cantly from the baseline values of rabbits subsequently 
exposed to shock. During shock, plasma Na and Cl did 
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Fic. 1. Diagrammatic representation of experimental preparation. 
IP, infusion pump; WJ, water jacketed infusion line; CTWE, 
constant temperature water pump; PI, ileum immediately proximal 
to infused loop; SB, serosal bridge; MB, mucosal bridge; E, elec- 
trometer; C, cecum; IE, ileal effluent, TD, transducer for monitor 
ing blood pressure; TTP, telethermometer probe. 


not change significantly (p > 0.05 and p > 0.4), but 
plasma K increased by 1.3 + 0.2 mEq/L (p < 0.001) 
and plasma HCO; decreased by 10.1 + 17 mEq 
(p < 0.001). The ion concentration gradients across the 
ileal mucosa of contro] and experimental animals prior 
to shock were: Na (5 mEq/L) from blood to lumen; 
K (7.2 mEq/L), Cl (20 mEq/L) and HCO; (49 
mEq/L) from lumen to blood. The direction of these 
gradients did not change during shock, but there was 
a significant increase in the gradient for HCO; and a 
significant decrease in the gradient for K. 

The orientation of potential difference (PD) across 
the ileum of both control and shocked rabbits is such 
that the serosal side is positive with respect to the mu- 
cosal side. The results of each 30-minute perfusion of 
ileum are shown in Table 1. The PD, absorption of Na, 
Cl, K and H-O and secretion of HCO; did not change 
significantly during each of the four 30-minute perfusion 
periods of ileum in control rabbits.” During 90 minutes 


* The same results were observed for 3 control and 3 shocked 


rabbits when the HCO;-Ringer’s solution also contained the follow- 
ing in mEq/L: Ca, 5; Mg, 4.4; HPO., 0.6; HPO., 3.4. Therefore, 
the results for using both solutions were combined. ' 
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Efecis of Hemorrhagic Shock on PD, Net Ion and H,O Absorption by Ileum 


I-III ~ I-IV 


P. D., millivolts 


Control 2.2 + 0.5 +0.1+4 0.1 —0.1 + 0.2 +0.2 + 0.2 
p >0.4 >0.5 >0.2 
Shock 2.0 + 0.5 +1.i1+ 0.4 +1.0 + 0.4 +1.2+ 0.4 
p <0.02 <0.02 <0.01 
Na, pEq/min 
Control 3.5 + 0.7 —0.2 + 0.4 +0.2 + 0.5 —0.1 + 0.6 
p ' >0.5 >0.5 >0.5 
Shock 2.54 0.5 +1.5 + 0.3 +1.8+ 0.5 +1.8 + 0.5 
p <0.001 <0.005 <0.01 
K, pEq/min 
Control 0.40 + 0.02 +0.01 + 0.02 +0.05 + 0.03 +0.04 + 0.04 
p >0.1 >0.05 >0.1 
Shock 0.33 + 0.05 —0.15 + 0.07 —0.11 + 0.06 —0.06 + 0.06 
p >0.05 >0.05 >0.2 
Cl, uEq/min 
Control 3.4 + 0.6 +0.4+ 0.3 +0.5 + 0.3 +0.4 + 0.2 
p >0.1 >0.05 >0.05 
Shock 3.8 + 0.8 +0.2 + 0.5 ~0.5+ 0.5 —0.3 + 0.6 
p >0.5 >0.2 >0.5 © 
HCOs, pleg/min 
Control —1.7+ 0.6 —0.4 + 0.4 —0.1 4+ 0.3 —0.2 +4 0.3 
p >0.2 >0.5 >0.4 
Shock ~2.3 + 0.7 —0.6 + 1.1 —1.7 + 0.8 —1.8 + 0.7 
p >0.5 — >0.1 <0.05 
H0, pl /min 
Control 26.9 + 3.9 —1.5 + 2.6 —0.4 + 2.6 +1.9 + 2.4 
p >0.5 >0.5 >0.4 
Shock 24.1 + 3.5 +9.3 4 2.3 +11.8 + 4.1 +12:6 4 4.5 
p <0. 005 <0.02 <0.02 


Values for Period I are given as mean + 1 SEM for 15 control and 14 shocked rabbits. A positive value for Period I indicates net absorp- 
tion; a negative value indicates net secretion. All other values are given as mean differences + 1 SEM between Period I and each of the 
subsequent 30-minute experimental periods. A positive mean difference indicates increased net absorption; a negative value indicates de- 
creased absorption. Negative values for change i in HCO; indicate decrease i in net secretion. Student’s £ test for paired variates was used to 


obtain p values. 


of shock, however, the PD rose significantly above its 
baseline level; the mean rate of Na absorption increased 
by 60% (p < 0.005); and the mean rate of HO absorp- 
tion increased by 68% (p < 0.005).* The rates of K and 
Cl absorption did not change significantly. The rate 
of HCO; secretion decreased throughout each of the 
30-minute perfusion periods during shock. However, this 
change was not significant statistically until 1 hour after 
shock and may be related to acidosis. 

During shock every animal became acidotic (mean 
arterial pH + 1 SEM = 7.22 + 0.03). The combined 
changes in PD and ion and water absorption observed 
during shock were not reproduced following induction 
of metabolic acidosis by infusion of HCl, 0.1N, into the 
superior vena cava of three animals or induction of 
respiratory acidosis in two animals breathing 95% O2.— 
5% COs ` 

The QO; (ul 0 consumed/mg. dry wt/hr) of termi- 
nal ileum in vitro was determined 90 minutes after a 
baseline determination in nine control and nine shocked 


* The same results were observed for 3 control and 3 shocked 


rabbits when the HCO;-Ringer’s solution also contained the follow- 
ing in mEq/L: Ca, 5; Mg, 4.4; HePQu, 0.6; HPO., 3.4. Therefore, 
the results for using both solutions were combined. - i 


rabbits (Table 2). The QO of ileum from control rab- 
bits did not change significantly (p > 0.1), whereas the 
QO, of ileum from hypotensive rabbits increased by. 
46% (p < 0.005). The QOz of ileum from five control 
and five experimental rabbits (not shown in Table 2) 
was determined on four adjacent segments of ileum, each 
segment being excised at 30-minute intervals. The QO% 
of four ileal segments of the control animals did not 
change significantly over the 90 minutes of the study. 
Each of the QO. determinations on ileum from the 
hypotensive rabbits was significantly greater than its 
respective baseline value. _ 


Discussion 


The small intestine plays a protective role during 
early hemorrhagic shock. An increase in Na and H2O 
absorption by the terminal ileum occurs following the 
loss of approximately 20-25% of the rabbits estimated 
blood volume (8% of body weight). This increase in 
fluid absorption correlates with Marty and Zweifach’s 
observation that the hemodilution observed within 1 
hour of hypovolemic shock in splenectomized rabbits 
and dogs can be reduced markedly by intraperitoneal 
evisceration prior to hemorrhage.’* The intestine, how- 
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ever, should not be considered as the only splanchnic 
source of volume available for transcapillary refill. Ex- 
tracellular fluid of the splanchnic bed is another likely 
source. 

The absorptive function of the small intestine dur- 
ing hemorrhagic shock induced by a_nonreservoir 
method (as in the present study) differs from studies 
in which heparinized dogs were bled into a reservoir 
and then retransfused. Accumulation of fluid in the in- 
testine occurs when the latter method is used.®1!8.21,22 
The differences in methodology are emphasized by 
Mailman and Ingraham’s observations.!8 These investi- 
gators found increased absorption during nonreservoir 
shock, but following reinfusion of heparinized blood no 
significant change in Na or H:O absorption was noted 
compared to that observed prior to hemorrhage. Studies 
using the reservoir method have involved a more pro- 
longed period of hypotension and therefore are not 
strictly comparable to the nonreservoir preparations. 

The results of the present study also differ from those 
of Bacalzo and associates? who measured fluid absorp- 
tion by everted jejunal gut sacs in vitro obtained at 
varying intervals from rats subjected to reservoir shock. 
Mean fluid absorption and potential difference tended 
to decrease, but these changes were not significant until 
210 minutes of shock had elapsed. Net secretion of fluid 
was not observed. However, the significance of these 
observations is difficult to determine, since the control 
tissues were not strictly comparable to those from 
shocked animals; eversion of the small intestine may 
alter ion transport;? and the environment in vitro does 
not simulate that in vivo, particularly during shock. 
Furthermore, intestine in vitro is not subject to humoral 
influences which may alter ion transport. This may be 
important during early shock because in addition to a 
variety of gastrointestinal hormones affecting ion trans- 
port, the catecholamines have been shown to increase 
ion absorption.!” 

The response of rabbit ileum is similar to canine 
smal] intestine during nonreservoir hypovolemic shock. 
Mailman and Ingraham observed an increase in absorp- 
tion of both Na (against its concentration gradient) 
and H2O from the ileum of dogs bled 25% of their esti- 
mated blood volume.!® The two animals differ in that 
an increase in Cl absorption was observed for dogs, 
whereas no change in the rate of Cl absorption was ob- 


TABLE 2, 
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served for rabbits. Van Liere and associates** also re- 
ported increased absorption of saline from the jejuno- 
ileum of dogs bled approximately 40% of their estimated 
blood volume. However, in the latter study, the increase 
in salt absorption occurred along, rather than against, 
its concentration gradient. 

There are two mechanisms by which an increase in 
salt absorption may occur: active and passive transport. 
The generally accepted criterion for active transport is 
that the ion must not only be absorbed against its can- 
centration gradient but also against its electrical gradi- 
ent. Although Mailman and Ingraham found increased 
absorption of Na against its concentration gradient, they 
could not distinguish between an active or passive mech- 
anism, because the potential difference across the mu- 
cosa was not measured. A favorable electrical gradient 
across the mucosa may result in passive ionic movement 
against a concentration gradient.” 

The increase in Na absorption by rabbit ileum voc- 
curred against both its concentration gradient and its 
increased (more unfavorable) electrical gradient, sug- 
gesting that an active process was operating. The in- 
crease in Na absorption cannot be due to a passive effect 
of solvent drag, or bulk flow, since the remaining ion 
fluxes did not change significantly during the first hour 
of shock. Since the flow of HO across the mucosa 
passively follows the flow of ions, a major portion of 
the increase in H,O absorption in shocked rabbits can 
be ascribed to the increase in Na absorption.® 

Bounous and associates? have shown that extensive 
metabolic alterations of canine intestinal mucosa occur 
during reservoir shock followed by retransfusion. Their 
observations are consistent with those of Cook and as- 
sociates, who suggest that the intestinal fluid accumu- 
lation in this experimental preparation is due to a pas- 
sive mechanism, hydrostatic filtration. Conversely, the 
results of Bounous and associates appear to be incon- 
sistent with an increase in active transport.!° Active 
transport is an energy consuming process and therefore 
is dependent upon mucosal metabolism. It is lixely 
that the intestinal metabolic alterations of reservoir 
shock are not strictly applicable to nonreservoir shock. 

The increase in QO» of ileal mucosa is consistent with 
the increase in active Na transport.’! Since the condi- 
tions under which oxygen consumption was measured 
in vitro do not stimulate the conditions of shock in vivo, 


Effect of Shock on Oo Consumption of Ileal Mucosa in Vitro 


pl/O2/mg dry wt/hr 


Baseline 90 Minutes A $ 
Control n = 9 10.1 + 1.4 $8.34 1.3 med see Gree, >0.1 
Shock n = 9 (53-2219 10.7 + 1.1 3.4 0.8 <0.005 


Values are given as mean +1 SEM. A = difference between 90-minutes and baseline Po,. Student’s t-test for paired variates was used 


to obtain p value for A. 
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the present results do not necessarily imply that oxygen 
consumption of the intestinal mucosa in vivo is increased 
during shock. In vivo studies of splanchnic or intestinal 
oxygen consumption during hemorrhagic shock are con- 
flicting, and the results are not consistent for each 
method of shock.1:+:5:14,15 An increase in QO, (as meas- 
ured in the present study) also does not indicate that 
the metabolic pathways of the mucosa are intact,” but 
the present stucy suggests that the metabolic alterations 
of early shock do not impair and in fact result in an in- 
crease in active Na absorption. 


Summary 


The effects of 90 minutes of nonreservoir hypovolemic 
shock on intestinal absorption of ions and H.O in vivo 
were determined on rabbits bled 20-25% of their esti- 
mated blood volume. The transmural electrical poten- 
tial difference (PD) was determined for an isolated 
segment of terminal ileum, which was perfused with 
a HCO;-Ringer’s solution containing a volume marker. 
The spontaneous PD, absorption of Na, K, Cl and H2O 
and secretion of HCO; did not change significantly 
over a 2 hour period in control rabbits. During shock, 
however, the PD increased by 50%; Na absorption in- 
creased by 60% and H:O absorption increased by 68%, 
Na was absorbed against both its concentration and 
increased electrical gradient during shock, which sug- 
gests involvement of an active ion transport process. 
Oxygen consumption (QO.) in vitro of ileal mucosa 
from shocked rabbits is also increased and is consistent 
with an increase in active ion transport. Differences in 
experimental preparations of shock appear to account 
for differences between the present and prior results. 
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Response of Glucose, Insulin, Free Fatty Acid, and Human 
Growth Hormone to » Norepinephrine and Hemorrhage in 


l YPERGLYCEMIA HAS been observed following infus- 

H sion of epinephrine’? and norepinephrine;!* in 
acute blood loss;!" and after battle injury. The lack of 
an increase in the immunoreactive insulin levels while 
the glucose is elevated in these conditions is evidence 
that the persistence of hyperglycemia is due to catecho- 
lamine suppression of insulin release. Release. of nor- 
epinephrine occurs after the loss of blood” and it has 
been suggested as an important mediator in the re- 
sponse to volume reduction.!® The present study was 
made to simultaneously assess the metabolic and hemo- 
_ dynamic changes of isotonic volume reduction and 
catecholamine infusion. 


Methods 


Five healthy young men, 21 years of age, were hos- 
pitalized for 48 hours. A physical examination was done 
before admission. The risks of the study were explained 
and an informed consent obtained. The fasting subjects 
were placed in bed for measurement of their blood vol- 
ume and cannulation. These procedures were required 
for the hemodynamic measurements and have been de- 
scribed in detail elsewhere.? A cannula in the radial 
artery was used for blood sampling and to remove blood 
during the hemorrhage period. A venous cannula placed 
in the superior vena cava was used for the infusion of 
norepinephrine. Both cannulae were in place for 36 
hours and were kept patent by periodically flushing with 
heparinized saline solution (4 units/ml. ). 
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Normal Man 


E. L. HANSON, M.D., M. F. BRENNAN, M.D., 
R. C. O'CONNELL, M.D., F. D. MOORE, M.D. 


From the Department of Surgery of the Harvard Medical 
School, Peter Bent Brigham Hospital, 
Boston, Massachusetts 02115 


On the day of study, hemodynamic control values 


_were established in the fasting subjects and blood was 


drawn for glucose, insulin, free fatty acids, and human 
growth hormone determinations. Norepinephrine ( Levo- 
phed, bitartrate injection 0.2%, Winthrop Laboratories, 
N.Y., N.Y.) was then infused (Table 1), using a Holter 
pump (Extracorporeal Medical Specialties, Inc., Mt. 
Laurel, New Jersey), in three sequential doses ranging 
from 0.1 to 0.6 »g/K./min. (Table 2). The three doses 
were used to determine the hemodynamic dose response 
to norepinephrine, but blood samples were drawn only 
during infusion of the largest dose (0.42 to 0.60 pg 
K./min.). Sampling volumes of the first two periods were 
replaced, isovolumetrically, with blood from known don- 
ors and a recovery period of greater than one hour fol- 
lowed (Table 1). The samples were then repeated. 

After an interval of 2 hours, hemorrhage was carried 
out in two stages (Table 2). The first stage was the 
sampling volumes from the recovery period, just com- 
pleted, which was followed by rapid removal of blood 
from the radial arterial cannula in a quantity sufficient 
to total 15% of the subject’s measured blood volume. 
After completion of the hemorrhage, samples were taken. 
The blood pressure had reached its lowest point and 
was rising at the time of sampling. Norepinephrine re- 
infusion followed immediately and the final samples 
were obtained to observe the metabolic response to the 
drug during hypovolemia. The experiment was then 
terminated and the blood volume restored. The men 
were observed after decannulation until the following 
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TABLE 1. Experimental Periods in Individual Subjects Mean and 
Standard Deviation for Five Subjects 
Period Minutes 
C = control 103 + 26 
N-i = norepinephrine infusion 64+ 11 
R = recovery 115 + 18 
H = hemorrhage 
(a) = time for blood removal 16+ 3 
(b) = post-hemorrhage period 27+5 
N-2 = norepinephrine reinfusion 56 + 23 


morning when they were discharged from the hospital. 

Analytical Technics: Samples of plasma for glucose 
and serum for fatty acids, insulin, and growth hormone 
were frozen and stored until analysis. Whole blood sam- 
ples for lactate were placed in 0.6M perchloric acid and 
centrifuged immediately. Lactate was measured using 
the U.V.-test (Boehringer, Mannheim Gmbht, Ger- 
many). The blood glucose was determined, employing 
a modification of the method of Hoffman,’ which utilizes 
the potassium ferricyanide-potassium ferrocyanide oxi- 
dation reduction reaction. The measurement was made 
using the AutoAnalyzer (Technicon Instruments Corpo- 
ration, Tarrytown, New York). One milliliter aliquots 
of serum were measured using the method of Dole and 
Meinertz,® extracting the sample with a two phase 
heptaneisopropyl alcohol water system to determine long 
chain nonesterified fatty acids. 

Serum human growth hormone and insulin were de- 
termined together by using two labels, I for insulin 
and 125I for human growth hormone. Antibody was sup- 
plied by Arnel, N.Y., N.Y. and the double antibody tech- 
nic modified from Yalow and Berson? by Soeldner and 
Slone'® was used for separation of free and bound frac- 
tions. The tracer is supplied by Abbott Laboratories, 
North Chicago, Illinois and the standards are prepared 
from human growth hormone supplied by Dr. A. E. 
Wilhelmi, NIH GH HS 1216C and the insulin from 
human insulin 258 1025 B 88 (Eli Lilly, Indianapolis, 
Indiana). Data are presented as mean and standard de- 
viation for the group of five subjects. Statistical signifi- 
cance is indicated in the Figures. 


Results 


Table 3 shows the values for plasma glucose, insulin, 
and lactate during the five periods of the study. The 
plasma glucose levels rose in all of the subjects with 


TABLE 2. Norepinephrine Dose and Hemorrhage Volume Removed 
in Individuals Mean and Standard Deviation for Five Subjects 


Norepinephrine (ug/Kg./min). 


ose í 12+ .02 
Dose 2 .25 + .04 
Dose 3 .5 4 .07 
Hemorrhage (ml.) 
Samples 175 + 29 
Rapid Arterial 727 + 60 
Per cent Total 15.34 .6 
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Tase 3. Response of Plasma Glucose, Immunoreactive Insulin 
and Blood Lactate to Norepinephrine and Hemorrhage 





Mean and 
Standard 
Subject i 2 3 4 5 Deviation 
Period 
Glucose (mg./100 ml.) 
C 95 97 102 98 89 945 
N-1 131 112 146 131 128 130 + 12 
R 93 91 102 98 113 99 +9 
H 107 94 94 90 102 9747 
N-2 137 126 122 127 161 135 + 16 
Insulin (uU/L) 
C 10 15 11 10 10 11+ 2 
N-1 10 13 10 15 11 12 42 
R 10 10 10 11 21 1245 
H 10 10 10 10 14 ll 4 2 
N-2 10 26 10 10 15 l4 4 7 
Lactate (mM /L) 
C 0.5 0.5 0.4 0.5 0.5 0.5+0:0 
N-1 0.8 0.7 0.5 0.7 0.9 0.7 4+ 0.2 
R 0.5 0.4 0.7 0.6 12 0.74 0.3 
H 0.9 0.5 0.6 0.5 0.8 0.7 + 0.2 
N-2 0.9 0.5 0.6 0.6 l 0.7 40.3 
C = control; N-1 = norepinephrine infusion; R = recovery; 
H = hemorrhage; N-2 = norepinephrine reinfusion. 


norepinephrine infusion from 96 + 5 to 130 + 12 mg./ 
100 ml. This is shown graphically in Figure 1 and the 
change is highly significant. The insulin results are also 
shown in Figure 1 and no change is seen in response 
to the drug. After the recovery period, which followed 
cessation of the norepinephrine, the plasma glucose re- 
turned to control values, 99 + 9 mg./100 ml. Insulin 
again remained unchanged in the group, but in Subject 
5 the insulin was 21 microunits per ml. This subject also 
shows a persistent elevation of plasma glucose, 24 mg./ 
100 ml. greater than the control values, suggesting that . 
return to the resting state was not complete at the time 
of sampling. When the subsequent hemorrhage was 
complete, neither the glucose nor the insulin showed 
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Fic. 1. Response of plasma glucose and immunoreactive insulin 
in five normal men to norepinephrine infusion and hemorrhage. 
The mean and standard deviation are presented. n == 5. Statistical 
significance is determined by the Student's ¢ test. 
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changes (Fig. 1), but again one individual, Subject 1, 
had an elevation of glucose above normal, 107 mg./ 
100 ml. When norepinephrine infusion was repeated dur- 
ing the hypovolemic state the response was similar to 
that seen with the drug infusion prior to hemorrhage: 
glucose rose and insulin remained unchanged. The sta- 
tistical significance is shown in Figure 1. 

Free fatty acids are given for only three of the sub- 
jects during the control period (Table 4). A rise was 
seen with norpinephrine from 1390 + 290 to 3000 + 820 
pEq./L (Fig 2). After recovery the control level was 
re-established, 1420 + 560 »Eq/I, but the response to 
hemorrhage was equivocal and the group showed no 
significant change. The final rise with norepinephrine 
reinfusion from 1640 + 655 to 2470 + 570 „Eq./liter 
was statistically significant p < 0.01 (paired ż). 

Human growth hormone values for the individual sub- 
jects are shown in Table 5 and the group response in Fig- 
ure 3. Values are reported for three subjects during the 
control period. With norepinephrine infusion the growth 
hormone fell from 5.6 + 3.6 to 0.9 = 0.5 ng./ml, p < 
0.05 (Student’s ¢ test). During the recovery period the 
growth hormone did not return to control levels (Fig. 3) 
but remained depressed. After hemorrhage the values for 
growth hormone rose from 0.7 + 1.0 to 4.2 + 2.8 ng./ml. 
Norepinephrine reinfusion again showed a significant 
drop to 0.8 + 0.4 ng./ml., p < 0.05 (Student's t test). 
The consistent response to norepinephrine is shown in 
Figure 3 during both the infusion and the post-hemor- 
rhage reinfusion periods. 


Discussion 


Resting values of glucose were high for the fasting 
subjects of this study, as were the values for free fatty 
acids and growth hormone, indicating that the control 
period was not a true resting basal state. The men were 
not conditioned and the experiment was a new experi- 
ence which may account for the increased sympatho- 
adrenal activity. Norepinephrine infusion caused a fur- 
ther glycogenolysis which resulted in hyperglycemia. 
This metabolic response to norepinephrine has not been 


TABLE 4. Response of Free Fatty Acids to Norepinephrine and 


Hemorrhage 

Mean and 
Standard 
Subject 1 2 3 4 5 Deviation 
Free Fatty Acids (uEq/L) | 

Period 
C 1185 1720 — — 1270 1390 + 290 
N-1 2970 3610 3885 2720 1790 3000+ 820 
R 1500 1390 2250 1280 690 1420 + 560 
H 1720 2500 1945 1220 805 1640+ 655 
N-2 2060 3215 2795 2470 1790 2470+ 570 

Cc = control; N-1 = norepinephrine infusion; R = recovery; 


H = hemorrhage; N-2 = norepinephrine reinfusion 
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Fic. 2. Response of free fatty acids in five normal men to norepi- 
nephrine and hemorrhage. The mean and standard deviation are 
represented. n = 5 for all periods except the control for which 
n = 3. Statistical significance is determined by the paired t test. 


as extensively studied as the response to epinephrine, 
but the results of this study indicate that norepinephrine 
causes changes in the glucose and insulin relation simi- 
lar to those which other investigators have shown with 
epinephrine.’ Porte and Williams'* have also studied 
normal subjects and have shown that immunoreactive 
insulin concentration was less than expected during 
norepinephrine infusion, 6 »g./min. They concluded that 
insulin secretion was inhibited, but the effect was quan- 
titatively less than that obtained using an equivalent 
dose of epinephrine. In the present study larger norepi- 
nephrine doses were used, but the hyperglycemia 
reached levels similar to those reported by Porte and 
Williams}* and the increase in insulin secretion was com- 


pletely suppressed. 


Tase 5. Response of Human Growth Hormone to Norepinephrine 
and Hemorrhage 


Mean and 
Standard 
Subject 1 2 3 4 5 Deviation 
Human Growth Hormone (NG/ml.) 
Period 
C 9.2 5.5 — m= 2.0 5.6 + 3.6 
N-1 1.5 0.6 0.2 1.1 0.9 0.90.5 
R 0.4 2.6 0.2 0.2 0.3 0.74 1.0 
H 70 24 03 54 6.1 4.24+2.8 
N-2 jae 0.4 1.2 0.5 0.6 0.8 +40.4 
c = control; N-1 = norepinephrine infusion; R = recovery; 


H = hemorrhage; N-2 = norepinephrine reinfusion 
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Fic. 3. Response of human growth hormone in five normal men 
to norepinephrine and hemorrhage. The mean and standard devia- 
tion are represented. n = 5 for all periods except the control for 
which n = 3. Statistical significance is determined by the Student’s 
t test. 


It is generally accepted that the catecholamine-in- 
duced hyperglycemia is the result of glycogenolysis. The 
absence of an elevated blood lactate is evidence that 
liver glycogen is making the major contribution to the 
elevated blood sugar and not. muscle glycogenolysis 
to lactate recycling to glucose via the liver. 8 The hyper- 
glycemia has been shown to persist as long as the 
catecholamine is infused, up to 7 hours .with epineph- 

rine, and falls only when the drug is stopped. 

The concomitant suppression of blood .insulin relative 
to glucose level is very clearly shown in this study and 
is consistent with a direct effect of the catecholamine 
upon the beta cell of the pancreas. Decreased islet flow 
and increased hepatic extraction of insulin have also 
been suggested but direct effect upon the cell is fa- 
vored.'! The implication is that once the blood sugar 
rises it remains elevated as a result af suppressed in- 
sulin secretion and continued glucose production. This 
is supported by the fact that cessation of infusion causes 
a prompt rise in insulin and a decrease in blood glu- 
cose.14 

With the hemorrhage alone there was no elevation of 
blood glucose. This amount of blood loss had been 
sufficient to show an increase in peripheral vascular 
resistance,’ indicating that the blood loss was enough 
to activate the sympathetic nervous response, but was 
not enough to cause detectable hepatic glyéogenolysis. 
Skillman, Hedley-White and Pallota!” havé shown a 
rise in blood glucose with this degree of hemorrhage in 
man, but Carey and Wallack? have shown in animals 
that the volume and rate of blood removal are important 
factors in the response of the blood glucose, and they 
saw no hyperglycemia after a slow 30% hemorrhage. An 
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important difference between the studies of Skillman 
et al. and this study may have been in the rate and 
manner of bleeding as well as the use of untrained sub- 
jects who started, in our study, with evidence of in- 
creased sympathetic activity as evidenced by slightly : 
elevated glucose and free fatty acid levels. . 

The infusion of norepinephrine before hemorrhage . 
may also have been an attenuating factor, but full re- 
covery was permitted before the blood removal and no 
residual effect would be anticipated this long after the 
drug.?! Reinfusion of norepinephrine during hypovo- 
lemia caused the same hyperglycemia with insulin sup- 
pression which had been seen before hemorrhage, show- 
ing that sufficient glycogen stores remained after the 
first stimulus and when adequately rechallengéd could 
respond to the same degree. 

The mobilization of plasma free fatty acids in re- 
sponse to norepinephrine infusion has been studied by 
Havel and: Goldfein in dogs. 8 These authors have con- 
cluded that stimulation of the sympathetic nervous sys- 
tem causes the release of free fatty acids from adipose 
tissue. Their observations in humans in whom plasma 
free fatty acids rose in response to anxiety and discom- 
fort is further evidence that the sympathetic nervous 
system mediates this response. Havel and Goldfein also 
measured blood glucose in their human subjects, but 
did not show the rise which was seen in the subjects 
of the present study. The drug was administered in a 
smaller dose over a shorter period of time in the earlier 
study (100 »g./min.) which may account for the failure 
of blood glucose to rise and suggests that the hypergly- 
cemia is a later response than the rise in fatty acids 
when norepinephrine is infused. This possibility is not 
substantiated by the present study, but there is evidence 
that blood glucose and free fatty acids both rise after 
norepinephrine infusion for 1 hour. The control of hu- 
man growth hormone has become a controversial topic, 
but a number of studies have shown that catecholamines 
may be activators of its release.?1° This topic has been 
confuséd by the fact that hyperglycemia causes a de- 
crease in plasma growth hormone.! When norepinephrine 
was given to the subjects of this study, the growth hor- 
mone values fell as a result of the hyperglycemia, indi- 
cating that this effect is stronger than adrenergic stim- 
ulation. Muller, Pra, and Pecile!? have emphasized the 
point that the blood-brain barrier is impermeable to 
the catecholamines and have demonstrated in rats that 
growth hormone can be released by direct intraven- 
tricular injections of epinephrine, norepinephrine, and 
dopamine. The findings of this study do not illuminate 
the primary effect of norepinephrine upon growth hor- 
mone secretion, but do indicate that its effect is to raise 
the blood sugar and thereby to decrease the growth hor- 


mone secretion. 
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Following hemorrhage, human growth hormone levels 
increased, but this probably represented a restoration 
of the control values after the hyperglycemia of the 
norepinephrine period rather than a direct effect of the 
hemorrhage. 

- Rabinowitz, Merimee, Burgess, and Riggs'® have 
studied this problem in healthy females using epineph- 
rine and have shown that both insulin and growth hor- 
mone are suppressed during the epinephrine-induced 
hyperglycemia. However, addition of arginine to the 
infusion overcame the effects of epinephrine and both 
insulin and growth hormone rose despite continued 
epinephrine infusion, illustrating that the pathways for 
growth hormone and insulin suppression are not unique. 


Summary 


The metabolic response during norepinephrine infus- 
ion and hemorrhage was studied in five male volun- 
teers. Fasting blood samples were obtained in the rest- 
ing state for measurement of blood glucose, serum in- 
sulin, blood lactate, serum free fatty acids, and serum 
growth hormone. A norepinephrine infusion was given 
and the measurements were repeated. After recovery the 
men were bled by arterial hemorrhage of 15 per cent 
of their measured blood volume. Following sampling, 
norepinephrine was reinfused during hypovolemia. A 
significant rise in blood glucose was shown during 
norepinephrine infusion before and after hemorrhage, 
but not with hemorrhage alone. Blood lactate did not 
rise and there was no insulin response despite the 
hyperglycemia. Free fatty acid levels rose during nor- 
epinephrine infusion and growth hormone declined. 
“There was no response of any of the variables with the 
hemorrhage. The results of this study show that hyper- 
glycemia following norepinephrine infusion is unac- 
companied by a rise in insulin and growth hormone but 
there is evidence for free fatty acid mobilization. The 
hemorrhage which had caused a rise in peripheral vas- 
cular resistance was insufficient to cause a sympatho- 
adrenal metabolic response. 
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The Pulmonary Circulation: 


Response to Norepinephrine and Hemorrhage in Normal Man 


E. L. HANSON, M.D., 


l. T. MILLER, M.D., G. F. SHELDON, M.D., 


M. R. BALL, A.B., C. M. BOYDEN, B.S., M.S., F. D. MOORE, M.D. 


T IS GENERALLY BELIEVED that the vasomotor response 
Í to hemorrhage is mediated through a sympatho- 
adrenal mechanism which causes vasoconstriction in cer- 
tain vascular beds such as the kidney, the splanchnic 
bed, and the skeletal muscle, leaving other areas such 
as the cerebral and coronary circulations unconstricted. 
Mild hemorrhage, 15 per cent of blood volume, is fol- 
lowed by a rise in systemic vascular resistance and sup- 
port of the blood pressure, but the effect of hemorrhage 
on the pulmonary circulation in man is not well known. 
Most observers agree that increasing cardiac output has 
little effect'on the pulmonary arterial pressures in the 
normal and highly distensible arterial tree,*7 but a de- 
crease in flow such as that caused by the removal of 
blood, is accompanied by a fall in the pulmonary arterial 
pressure which levels off after an initial decline, while 
the blood pressure falls continuously. This was shown 
by Gerst, Rattenborg, and Holaday, who have sum- 
marized their observations by reporting that pulmonary 
vascular resistance must rise to support the pulmonary 
arterial pressure when hypovolemia occurs. A natural 
analogy can be drawn with the systemic circulation in 
which the vasoconstriction is more obvious, but Gerst’s 
et al. interpretation is that pulmonary vascular resist- 
ance rises more rapidly. than systemic resistance. This 
has not been confirmed i in the present study. 
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From the Department of Surgery of the Harvard Medical 
School at the Peter Bent Brigham Hospital, 
Boston, eee 


The objective of this end was to determine the effect 
of blood loss upon the pulmonary circulation in man 
and to compare it to the changes seen with a sympatho- 
adrenal agent, norepinephrine. Changes in the systemic 
circulation occurring at the same time, with blood loss 
and norepinephrine provide a basis for this comparison. 


Methods 

Subjects: Five young men in good health, whose clin- 
ical data appear in Table 1, were hospitalized for 2 
days. Before hospitalization each man had a complete 
physical examination, blood count, urinanalysis, electro- 
cardiogram, and chest: X-ray. A description of the pro- 
cedures and the risks ‘were given to each man and 
signed consent was obtained. The fasting subjects were 
placed in bed 2 hours before measurement of blood 
volume. The blood volume was measured using ®!Cr 
tagged red blood cells and Evans blue dye. 8 These meas- 
urements permitted an accurate calculation of the vol- 
ume of blood: to be removed during hemorrhage. 

Cannulations: The pulmonary artery was cannulated 
by introducing-a 36 inch polyethylene catheter (PE 240 
Clay-Adams, Inc., N.Y., N.Y.) into the left median 
basilic vein: through a small incision. The catheter was 
advanced into the pulmonary artery while changes were 
monitored in the pressure tracing as the tip passed 
through the chambers of the heart. An occasional 
ectopic beat was seen when the catheter tip was in the 
right ventricle. A second catheter was similarly passed 
through an antecubital vein and positioned in the su- 
perior vena cava or the right atrium. This catheter was 
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used for the injection of indocyanine green, Evans blue, 
tritiated water, and norepinephrine infusion. The radial 
artery was cannulated through a small incision at the 
wrist using a 3 inch No. 16 GA polyethylene catheter 
(Desert Pharmaceutical Co., Sandy, Utah), and used 
for blood pressure monitoring and blood withdrawal 
(samples and hemorrhage volume). These cannulae 
were in place for 36 hours, and were kept patent by 
periodically flushing with heparinized saline (4 units/ 
ml.). 

Analytical Technics: The pressures were recorded us- 
ing Statham strain gauges (P23AA for arterial and 
P23BB for venous pressures) attached to a Lexington 
Instruments oscilloscope (Lexington Instruments, Lex- 
ington, Massachusetts), and a Sanborn four-channel 
recorder (Hewlett-Packard, Waltham, Massachusetts). 
The zero reference point for the pressure measurements 
was 5 cm. dorsal to the sternal angle of Louis. The pres- 
sures were continuously recorded as the phasic com- 
ponents except during the measurement periods when 
the electrical mean was obtained. This mean was com- 
pared to a number obtained by adding one-third of the 
pulse pressure to the diastolic pressure and in some 
cases the value was used when the electrical mean was 
not stable. 

The pulmonary end-diastolic pressure was obtained 
by measurement of the tracing, using recorded calibra- 
tions, and averaging values for one full minute to neu- 
tralize the effect of respiration. 

The cardiac output was computed from Cardio-Green 
(indocyanine green) dilution curves. Dye injections 
were made into the central venous line and withdrawn 
by a pump into a densitometer (Model 103 IR, Guilford 
Instruments, Oberlin, Ohio). This information was 
computed (Lexington Instruments, Lexington, Massa- 
chusetts ) and a written record kept (Texas Instruments, 
Houston, Texas). Three curves were analyzed for each 
point and the values normalized for body surface area 
and reported as cardiac index. Pulmonary extravascular 
water volume was measured using the method of Sheh 
and O’Connor,”* which has been shown in this labora- 
tory to be reproducible in normal human subjects.” The 
difference in mean transit times for Evans blue (non- 
diffusible, vascular indicator) and tritiated water (freely 
diffusible indicator) is the basis of the determination. 
The indicators were injected together in a 2 mg. bolus 
(30 mg. Evans blue and 150 „ce THO) into the central 
venous catheter and samples were taken from the radial 
artery as one second fractions using a rotating-disk-col- 
lector. The fractional samples were analyzed for the 
dye using the Coleman Junior Spectrophotometer, 
Model 6/20 (Perkin-Elmer, Maywood, Illinois) and 
tritium was counted in a liquid scintillation counter ( Nu- 
clear-Chicago, Des Plaines, Illinois). Computer handling 
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TABLE 1. Subjects’ Clinical Data 
Body Surface Area, Blood Volume, 
Subject Age, Years M? mi. 
1 21 2.09 5950 
2 21 2.2 6488 
3 21 2.02 5716 
4 Zi 2.0 5233 
5 21 1.85 6034 





of the data permitted drawing and analysis of the curves 
to obtain cardiac output and mean transit time. Pulmo- 
nary extravascular water volume was calculated accord- 
ing to the formula: 


MTT ef sec ) ci MTT tno( sec) X 
CO.»(cc/sec) = PEWV(cc) 


where: 
MTT.» = mean transit time for Evans blue 
MTTao = mean transit time for tritiated water 
CO. = cardiac output 
PEWV = pulmonary extravascular water volume 


The measurements were normalized for body surface 
area. 

The pulmonary vascular resistance was calculated by 
obtaining the difference between mean pulmonary 
arterial pressure and the pulmonary artery end-diastolic 
pressure and dividing by cardiac output. This use of the 
pulmonary artery end-diastolic pressure in place of the 
left atrial pressure has been validated by observations 
in patients at the time of cardiac catheterization.*® In 
patients without pulmonary vascular disease no gradi- 
ent across the pulmonary vascular bed was seen and 
left atrial pressures were the same as pulmonary artery 
end-diastolic pressures. Systemic vascular resistance was 
similarly derived using the difference between mean 
blood pressure and central venous pressure, divided by 
the cardiac output. Resistance units were converted to 
dyne sec em. 

Plan of Study: After establishing control measure- 
ments (mean control period 103 min. ), the five men each 
received norepinephrine, (Levophed, bitartrate injection 
0.2%, Winthrop Laboratories, N.Y., N.Y.) which was con- 
tinuously infused into the central venous line using a 
Holter pump (Extracorporeal Medical Specialties, Inc., 
Mt. Laurel, New Jersey). Three different doses were 
used ranging from 0.1 to 0.6 »g/Kg./min. (norepineph- 
rine period 64 min., mean). The response of pulse, blood 
pressure, and pulmonary arterial pressures to these doses 
was recorded in all five of the men both before and 
after hemorrhage. In three subjects, cardiac output was 
also determined at each of the increasing doses. When 
the peak effect using the highest dose of the drug was 
obtained and both pulmonary arterial and blood pres- 
sures were steady, the measurements were repeated. 
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Samples were replaced isovolumetrically using fresh 
homologous blood from known voluntary donors. When 
the men had recovered (recovery period 115 min., 
mean) from norepinephrine and the pressures had been 
at control levels for greater than one hour, each man 
underwent a 15% hemorrhage carried out in two stages. 
The first stage (16 min., mean) consisted of the sampling 
volumes of the recovery period which were not replaced. 
The second stage (27 min., mean) followed immedi- 
ately thereafter and was carried out using a 50 ml. 
syringe, removing blood as rapidly as possible from the 
radial artery. The blood was refrigerated for subsequent 
replacement. After completion of the hemorrhage the 
measurements were made again and immediately fol- 
lowed by reinfusion of the previous norepinephrine mix- 
tures (period 56 min., mean). Measurements were made 
of the effect of the drug during hypovolemia after which 
the experiment terminated and the blood volume was 
restored. The men were checked the following morning 
and were released from the hospital. 


Results 


The changes in mean pulmonary arterial and mean 
blood pressures for the group are shown in Figure 1. 
The individual changes and the dose response to nor- 
epinephrine are in Tables 2 and 3. The mean pulmonary 
arterial pressure rose during the first norepinephrine in- 
fusion from 8.0 + 2.0 to 16 + 2.0 mm. Hg, a change of 
100% while the blood pressure rose from 96 + 10 to 118 
+ 10 mm. Hg, a change of 33% over the resting value. 
After hemorrhage the response of the pulmonary pres- 
sure to norepinephrine was similar rising from 4.0 + 2.0 
to 9.0 + 4.0 mm. Hg, a 125% increase. The blood pres- 
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Fic. 1. Response of mean pulmonary arterial pressure and blood 
pressure to norepinephrine and hemorrhage in five normal men. 
Individual values are shown together with the mean and standard 
deviation. Statistical significance is determined by the Student's 
t test. 
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sure rose from 92 + to 113 + 16 mm. Hg, increasing 
again only 23%. Statistical significance (Student’s t test) 
is shown in Figure 1. 

The pulmonary arterial end-diastolic pressure was 
initially 4 + 3 mm. Hg and rose to 9 + 2 mm. Hg dur- 
ing the first norepinephrine infusion, p < 0.01 (Student's 
t test). Following hemorrhage, norepinephrine infusion 
did not change this pressure, raising it only from 1 + 1 
to 3 + 3mm. Hg, p > 0.05. 

A step-wise increase in both pulmonary arterial and 
blood pressure with each of the three successive nor- 
epinephrine doses was seen in all of the men, Tables 2 
and 3. This change in pressure is accompanied by a 
step-wise slowing of the heart. One man, Subject 2, 
had an increase in rate back to the resting level when 
the third dose was infused after having shown a decrease 
with the first two doses, Table 2. 

The pulse slowed by 30% when the pressure response 
to the first norepinephrine series was highest, but when 
norepinephrine was repeated after hemorrhage, the 
pulse slowed by 98%. This relatively greater decrease 
in pulse during hypovolemia was seen in all five men. 
The observed bradycardia was significant at the p < 
0.01 level both before and after hemorrhage (Student's 
t test). 

Fifteen minutes after the prehemorrhage norepineph- 
rine infusion was stopped, the pressures had fallen in 
all cases to the resting level. The blood pressure fell 
and remained at the resting level for the full recovery 
period, but the pulmonary arterial pressure continued 
to drop. It fell below the control level for a period of 
time and then returned to normal in three of the men 
by the end of the recovery time, but in two men (Sub- 
jects 3 and 4) it remained below a mean of 5 mm. Hg 
(Fig. 1). 

During the rapid hemorrhage the mean pulmonary 
arterial pressure fell from 6.0 + 4.0 to 4.0 + 2.0 mm. Hg, 
(Fig. 1) and remained low after hemorrhage was com- 
pleted. Of the two men whose pulmonary pressures had 
remained low during the previous recovery period, one 
man, Subject 3, had a sharp rise in mean pulmonary 
arterial pressure from a mean of 2 to 6 mm. Hg as prep- 
arations were made for hemorrhage, but his pulmonary 
pressure fell subsequently with hemorrhage. The other 
individual, Subject 4, had a small decrease, but only in 
the systolic component. The decrease in , pulmonary 
arterial pressure was not statistically significant although 
the trend was the same in all of the men, suggesting 
that the pulmonary arterial pressure drop with hypo- 
volemia was not compensated in the pulmonary circu- 
lation. 

The blood pressure did not change with hemorrhage 
and although the pressure began to drop during the 
blood removal in all of the men from 3 to 24% (average, 
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TABLE 2. Response of Pulmonary Ariericl Pressure, Blood Pressure, Cardiac Index, Pulse, and Central Venous Pressure to Norepinephrine 
Infuston in Three Graded Doses before Hemorrhage. 








_ Pulmonary Arterial Cardiac Centrél 
Norepinephrine Infusion Pressure Blood Pressure Index Venous 
Dose Time mm. Hg mm. Hg L/min./ Pulse Pressure 
Subj. ug /Kg./min | min. . Syst Diast Mean Syst Diast Mean BSA min. mm. Hg 
i i* — ~~ 18 8 li 160 80 98 4.9 78 8 
2 0.10 11 20 8 14 180 80 110 71 
3 0.21 15 20 7 13 180 85 112 78 
4 0.42 36 25 9 15 210 90 120 5.4 65 9 
2 1 — m 16 3 7 150 75 100 2.9 66 0 
2 0.11 o. 21 3 9 150 75 100 58 
3 0.22 11 26 7 13 165 90 115 48 
4 0.45 - 36 27 6 13 170 90 116 3.9 66 0 
3 1 — vm 15 3 7 165 80 108 4.0 84 1 
2 0.12 15 18 5 9 170 75 107. 3.4 18 
3 0.24 11 24 7 13 195 85 122 4.4 66 
4 0.47 43 28 9 15 220 99 133 4.0 60 0 
4 i — one 15 Í 6 130 60 80 2.4 64 0 
2 0.13 12 16 2 6 145 60 88 2.8 60 
3 0.26 13 26 10 15 165 75 105 3.2 56 
4 0.51 42 32 10 17 165 15 105 2.8 48 7 
5 1 — — 18 5 9 135 75 95 2.9 76 7 
i 2 0.15 20 19 4 9 125 60 82 2.5 64 
3 0.30 18 27 8 14 155 85 108 3.2 48 
4 0.60 48 31 12 18 170 90 117 3.2 48 7 
Mean 1 1642 443 8+2 148415 7448 96410 3.140.7 7448 3.244 
Standard 1 19+2 442 943 154422 7049 97412 2.940.6 6749 
Deviation 3 25+3 841 1341 172416 8445 11247 3.640.7 59413 
4 2943 9+2 1642 187426 8747 118410 4.341.4 5749 4.644.3 


* Control, dose 1, dose 2, dose 3 


TABLE 3. Response of Pulmonary Arterial Pressure, Blood Pressure, Cardiac Index, Pulse, and Central Venous Pressure to Norepinephrine 
Infusion in Three Graded Doses after Hemorrhage. 


Pulmonary Arterial Cardiac Central 
Norepinephrine Infusion Pressure Blood Pressure Index Venous 
Dose Time mm. Hg mm. Hg L/min./ Pulse Pressure 
Subj. pe /Kg./min. min. Syst Diast Mean Syst Diast Mean BSA min. mm. Hg 
1 ig oe 10 3 6 160 80 98 2.3 120 2 
2 
3 ; 
4 0.42 34 18 5 9 160 90 107 2.8 76 2 
ene 1 8 0 3 85 50 62 4.1 135 0 
2 
3 
4 0.45 31 18 3 9 140 70 93 5.5 52 4 
3 1 —— 6 0 2 185 75 112 2.6 102 0 
2 0.12 : 15 6 0 2 180 75 110 oo 90 
3 0.24 14 12 0 4 195 75 115 2.8 84 
4 0.47 35 15 1 6 225 90 135 3.6 66 0 
4 1 ome 8 0 3 135 60 85 2.0 104 0 
2 0.13 16 - 11 0 4 130 65 87 2.8 88 
3 0.26 20 10 0 3 135 65 88 2.8 76 
4 0.51 39 16 0 5 180 75 110 3.2 52 7 
5 i — {1 2 5 140 85 103 2:5 112 5 
2 0.15 14 — 18 6 10 145 85 105 2.4 64 
3 0.30 17 20 3 9 160 90 113 2.6 48 
4 0.60 52 28 7 14 175 95 121 3.6 48 9 
Mean 1 9+2 l1 4+2 141437 69416 92419 2.740.8 115413 12 
Standard 2 12+6 2+3 544 152426 75410 101412 2.6+40.3 81414 
Deviation 3 1445 142 5+3 160435 77413 105415 2.7+0.1 69+ 19 
4 19+5 343 9+4 7176432 84411 113416 3.741 58412 444 





* Post-hemorrhage values, dose 1, dose 2, dose 3 
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11%), this was not a significant change and when hemor- 
rhage was completed, blood pressure was immediately 
restored. Subjects 2 and 3 provide an interesting con- 
trast because blood pressure continued to drop in Sub- 
ject 2 and he lost consciousness transiently before his 
blood pressure rose. This subjects loss of consciousness 
was momentary and occurred several minutes after the 
hemorrhage had been completed. The subject’s recovery 
was rapid and the study proceeded without interruption 
of the protocol. On the other hand, the man who showed 
the smallest drop in blood pressure during hemorrhage, 
Subject 3, was the individual whose blood pressure rose 
from 100 to 115 mm. Hg, mean, as preparations were 
made for blood removal. His blood pressure remained 
above the recovery value throughout the whole post- 
hemorrhage period. A different response to hemorrhage 
in the pulmonary and systemic circulations is well illus- 
trated in this man because his pulmonary arterial pres- 
sure fell after bleeding and the blood pressure did not, 
even though both pressures had risen in anticipation of 
hemorrhage. 

The changes in the pulmonary arterial end-diastolic 
pressure after hemorrhage are the lowest recorded val- 
ues for the Subjects, 1 + 1 mm. Hg, but this does not 
represent a significant change from the recovery values 
of the previous period, p > 0.05. In most of the men 
this pressure fell répeatedly below zero presumably be- 
cause the negative intrathoracic pressure supervened as 
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the intravascular pressure fell. Pressure averages in three 
of the men were zero, Table 4. 

The cardiac index of the group did not change with 
either norepinephrine or hemorrhage, Tables 2, 3, and 
4, but a significant individual rise (i.e., more than 15%) 
was found in all of the subjects when norepinephrine 
was reinfused after hemorrhage, p < 0.01 (paired t 
test). The changes ranged from 22 to 60% with an aver- 
age value of 35%. The three subjects in whom the cardiac 
index was measured as a dose response showed no clear- 
cut pattern, although in all instances the largest cardiac 
index measurements are seen during infusion of the 
largest norepinephrine dose. 

Changes for pulmonary vascular resistance are shown 
in Figure 2, When norepinephrine was infused before 
hemorrhage there was no change in the pulmonary vas- 
cular resistance. This was also true when norepinephrine 
was reinfused after hemorrhage and although all of the 
men showed a rise in pulmonary vascular resistance the 
p > 0.05. In the systemic circulation, the infusion of 
norepinephrine caused the expected increase in systemic 
vascular resistance in only three of the men, Figure 2. 
The other two individuals showed a decrease so that the 
group remains unchanged. Hemorrhage, unlike nor- 
epinephrine infusion, raised the systemic vascular re- 
sistance (Fig. 2). Increases are seen in all except one 
man, Subject 2. This man’s blood pressure was not sup- 
ported after blood removal and it fell to 60 mean when 


TABLE 4. Response of Pulmonary Arterial Pressure, Blood Pressure, Cardiac Index, Pulse, and Central Venous Pressure to Hemorrhage. 


Pulmonary Arterial 


Percen- Cardiac Central 
. Blood tage of Pressure Blood Pressure Index Venous . 
Removed Time Blood mm. Hg mm. Hg L/min. / Pressure 
Subj. ml min. Volume Syst Diast Mean Syst Diast Mean BSA Pulse mm. Hg 
1 af 200 45 3.4 tt 13 6 8 155 75 101 3.8 99 5 
b 746 17 12.6 2 10 2 5 140 75 90 — 108 
c 946 15.9 3 10 3 6 160 80 98 2.3 120 2 
2 a 145 15 22 1 12 3 6 125 75 92 4.4 90 0 
b 800 21 12.3 2 4 1 2 110 70 83 — 90 
c 945 14.5 3 8 0 3 85 50 62 4.1 135 0 
3 a 150 20 2.6 1 12 3 6 190} 75 113 2.8 96 0 
b 700 16 12.2 2 6 0 2 180 75 110 — 108 
c 850 14.8 3 6 0 2 185 75 142 2.6 102 0 
4 a 170 15 3.3 1 12 1 3 130 75 93 2.4 84 0 
b 640 12 12.2 2 6 0 2 115 55 75 — 100 
c 810 15.5 3 8 0 3 135 60 85 2.0 104 0 
5 a 210 20 3.5 1 20 6 11 150 80 103 3.0 68 5 
b 750 16 12.4 2 13 4 7 130 80 97 — 92 
c 960 15.9 3 1 2 5 140 85 103 2.5 112 5 
Mean a 1 1444 4+2 644 150+26 7642 9845 3.30.8 87+ 12 243 
Standard b . 163 2 84 142 44+2 133430 7349 91413 10049 
Deviation c 902+ 68 15+0.6 3 942 itl 4+2 115413 142 


1414+37 69+16 92+19 2.70.8 





" samples taken prior to hemorrhage during recovery 


a 

b = rapid arterial hemorrhage 
c = total blood removed 

t 1. Before hemorrhage 

- 2. During hemorrhage 

3. After hemorrhage 


toi i 


f Sharp rise in blood pressure and pulmonary arterial pressure as preparations were made to remove blood. 
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he last consciousness momentarily. His blood pressure 
restored itself quickly without volume replacement, pos- 
sibly representing a delayed compensation for acute 
hypovolemia. When this man is excluded from the group 
the rise in systemic vascular resistance is significant, p < 
0,05, representing the expected response. In the pulmon- 
ary circulation, hemorrhage elicited no rise in pulmonary 
vascular resistance (Fig. 2). 

The pulmonary extravascular water volumes are 
shown in Figure 3. Values were obtained for three of 
the men during all five periods. For. Subject 2, values 
were obtained during the control and the final nor- 
epinephrine reinfusion periods. The measured pulmon- 
ary extravascular water increased by more than 15% dur- 
ing drug infusion in all of the subjects. The average in- 
crease was 35% both before and after hemorrhage. These 
changes reached statistical significance after hemorrhage 
in the final period when norepinephrine was reinfused, 
p < 0.05 (Student’s t test). 


Discussion 


These experiments demonstrate two points: that the 
pulmonary circulation does not participate in the initial 
vasoconstriction which occurs immediately in the pe- 
ripheral circulation in response to a 15% hemorrhage, and 
that response of the pulmonary circulation to norepi- 
nephrine infusion is influenced by depletion of the blood 
volume. 

Norepinephrine which is liberated at sympathetic 
nerve endings when there is a generalized physiologic 
discharge of the sympathetic portion of the autonomic 
nervous system is more specifically released from the 
adrenal medulla when the systemic blood pressure 
falls.27 Von Euler has suggested that this is the homeo- 
static sympathoadrenal hormone which maintains blood 
pressure after blood loss.” The five men in this study 
showed the increase in both blood pressure and pulmon- 
ary arterial pressure which is typical when norepineph- 
rine is infused!® and is generally ascribed to the potent 
constriction of vessels (alpha adrenergic effect) in the 
peripheral vascular beds, There is also a positive ino- 
tropic action (beta adrenergic effect) which increases 
the force of contraction and slows the heart by reflex 
action. This reflex bradycardia was observed in all of 
the subjects in this study, with the additional finding 
that the slowing of the heart was greater after hemor- 
thage than it was before. This presumably reflects the 
compensatory vagal reflex activity which acted to slow 
the heart as stroke volume increased, overcoming the 
sympathetic cardioaccelerator activity which followed 
hemorrhage. This combination would leave the cardiac 
output unchanged and the blood pressure would be 
raised by the increased vascular resistance. The present 
group of men did not all respond in this way and it must 
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Fic. 2. Response of pulmonary vascular resistance and systemic 
vascular resistance to norepinephrine and hemorrhage in five 
normal men. Statistical significance is not demonstrated, bu: the 
rise in systemic vascular resistance after hemorrhage for the four 
typical men is significant at the p < 0.05 level. The control value 
was not obtained for Subject 1. 


be assumed that the typical norepinephrine response can 
be influenced by other factors. Studies by Goldenberg, 
Pines, Baldwin, Green, and Roh!? which compare the 
hemodynamic effects of epinephrine and norepinephrine 
in normal men are the standard for accepting norapi- 
nephrine as a vasoconstrictor. These authors empha- 
sized, however, that intense vasoconstriction was cnly 
an initial effect and in some of their subjects who had 
prolonged norepinephrine infusion (29-35 min.) the 
peripheral vascular resistance decreased and cardiac 
output increased. The authors ascribed this to an endo- 
genous epinephrine release in response to the circum- 
stances of their experiment. They based this conclusion 
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upon their observation that epinephrine antagonizes the 
peripheral vascular effect of norepinephrine and upon 
the demonstration by Hickam, Cargill, and Golden”? that 
epinephrine produces the same hemodynamic response 
as mild anxiety. Goldenberg et al. concluded that the 
subjects’ anxiety could release epinephrine and block 
the peripheral alpha adrenergic effect of norepinephrine, 
and although evidence of anxiety was not obvious in the 
experimental subjects in this study it is suggested not 
only by the individual variation in the subject’s cardiac 
output and systemic vascular resistance but also by the 
metabolic studies made during this experiment'® and 
- must be considered in the subjects whose response to 
norepinephrine was atypical. The dose response of 
cardiac output, though not statistically significant sug- 
gests that when norepinephrine is given in increasing 
doses for a longer period than one-half hour the alpha 
adrenergic effect becomes less important. This is con- 
sistent with Goldenberg’s data and explains the very 
meager rise in systemic vascular resistance in some in- 
dividuals and the drop in others. 

The pulmonary arterial pressure also rose significantly 
in response to the drug, but the rise was on a different 
basis from that seen in the peripheral arteries. Both the 
systolic and diastolic pulmonary components of pressure 
rose. The reason for the rise in pulmonary arterial end- 
diastolic pressure remains controversial, but Goldring 
et al. have summarized the evidence which implicated 
“back pressure” from the left side of the heart, pre- 
sumably the pulmonary venous system or the left 
atrium. These authors showed an increase in pulmo- 
nary arterial pressure with norepinephrine doses which 
ranged from 0.2 to 1.4 »g/Kg./min. and observed no 
increase in pulmonary vascular resistance. The same ob- 
servation was made in the present study, but these same 
men, when hypovolemic, responded to norepinephrine 
infusion differently. The mean pulmonary arterial pres- 
sure still rose, but the end-diastolic pressure was un- 
changed and the gradient appeared to be increased. It 
has been shown that the left side of the heart diastolic 
and pulmonary diastolic pressures are identical only 
when the former exceeds the critical closing pressure of 
the pulmonary artery (some 5-6 mm. Hg). Care 
must therefore be taken in interpreting this seeming rise 
in pulmonary vascular resistance after norepinephrine 
infusion during the hypovolemic state since the left 
diastolic pressure may have risen but was not seen in 
the pulmonary diastolic pressure because the critical 
closing pressure was not exceeded, This question can 
only be answered by directly measuring the left side 
of the heart’s filling pressure, indicating one important 
pitfall in the use of pulmonary end-diastolic pressure 
as a measure of the left side of the heart’s diastolic pres- 
sure in hypovolemia. The results of this study confirm 
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the findings of Fowler, Westcott, and Scott,!° who 
showed the inability of norepinephrine to increase pul- 
monary vascular resistance, but their observations were 
not extended to the: hypovolemic state. Goldenberg, 
Apgar, Deterling, and Pines!’ have used norepinephrine 
in hypovolemia, noting a pressor response, but a pul- 
monary arterial catheter has not been used to observe 
changes in the pulmonary circulation. 

Hemorrhage produced a small decrease in the pul- 
monary arterial pressure with little or no increase in re- 
sistance, a marked contrast to the effect of norepineph- 
rine infusion. This may be easily explained on the basis 
of quantitative differences in the level of circulating 
norepinephrine. Goldring et al.,1* infusing doses of nor- 
epinephrine comparable to those used in the present 
study, found a rise in the plasma concentration from 
0.26 + 0.7 to 3.9 + 14 „g/l. The information for the 
effect of hemorrhage upon plasma norepinephrine 
comes from a study in dogs carried out by Manger, 
Walkin, and Bollman,” who showed that removal of 
11 to 18% of the blood volume resulted in no increase in 
plasma norepinephrine, but the unique response of the 
dog and the well known difficulties in plasma catecho- 
lamine measurement limit the applicability of this data 
to the assessment of blood depletion in man. It might 
be concluded that 15% hemorhage in this study was in- 
sufficient to stimulate norepinephrine release, but the 
dramatic rise in systemic vascular resistance in four of 
the subjects belies this and confirms the compensation 
of mild but rapid blood loss by peripheral vasconstric- 
tion. Therefore it appears that despite this demonstrable 
systemic change, there is no comparable change in the 
pulmonary circulation. A more severe hemorrhage ap- 
proaching 35% of the blood volume might be expected 
to show changes in the pulmonary arterial pressure 
and other investigators, using dog and baboon mod- 
els+1225 have shown that the loss of 50% of the circulating 
blood volume is accompanied by an increase in pulmo- 
nary vascular resistance, but this has only been shown in 
severe prolonged shock preparations where a number of 
other factors could play a role, platelet emboli,’ sero- 
ton,° and the products of incomplete coagulation.? 

The significance of an increased pulmonary extra- 
vascular water volume during norepinephrine infusion 
can best be assessed when it is understood that the dif- 
fusible isotope will pass only into those interstitial spaces 
adjacent to perfusing capillaries. Since all of the pul- 
monary capillaries are not perfused in the resting state, 
the total interstitial space cannot be exposed to the in- 
dicator and a change in the pulmonary blood volume in- 
creasing the number of capillaries perfused will increase 
the amount of fluid measured. Goresky, Cronin and - 
Wangel’ have shown this in exercising dogs. As cardiac 


-output rose during exercise in their studies, the measure- 
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ment of lung water increased until an asymptoe was 
reached when all capillaries were open. The rise in lung 
water during infusion of norepinephrine seen in this 
study probably is on this same basis and occurs because 
the pulmonary blood volume is increased. Harvey, En- 
son, and Ferrer!’ have reviewed the relations of pressure 
and blood volume and have shown that the pressure in 
the pulmonary circulation is dependent on the volume of 
blood ejected into the elastic pulmonary vessels with 
each beat of the heart. 

After hemorrhage Goresky et al.1® were able to show 
that they could measure the maximum pulmonary ex- 
travascular water at much lower flow rates which im- 
plied that the pulmonary capillary beds were relatively 
completely filled, probably by translocation of blood 
from the periphery to the lungs in response to peripheral 
vasconstriction. This observation is supported by the 
finding that the value for lung water did not change 
significantly after hemorrhage in this study. 


Summary 


Studies were carried out in five normal men to de- 
termine the response of the pulmonary circulation to 
15% hemorrhage. Norepinephrine was infused before and 
after the hemorrhage, allowing a suitable recovery per- 
iod, to compare the subjects’ response to hemorrhage 
with that of norepinephrine. The pulmonary artery, .su- 
perior vena cava, and radial artery were cannulated to 
permit pressure recording and to perform indicator 
dilution studies to determine both cardiac output and 
the pulmonary interstitial water vohime. The pulmonary 
, and systemic vascular resistances were calculated from 
the data obtained. The measurements were made during 
five periods: 1. control; 2. norépinephrine infusion of 
three graded doses; 3. recovery; 4. hemorrhage; and 5. 
norepinephrine reinfusion. Norepinephrine caused a sig- 
nificant rise in both the pulmonary arterial pressure and 
the blood pressure. In the pulmonary circulation changes 
in the pulmonary blood volume appeared to be responsi- 
ble for the rise in pressure, and are associated with an 
increase in the pulmonary arterial end-diastolic pres- 
sure. This, however, was not seen subsequently when 
the subjects were hypovolemic and norepinephrine was 
reinfused. Heniorrhage caused a response unlike that 
seen with norepinephrine infusion both before and after 
blood removal. The pulmonary arterial pressure re- 
mained low after blood loss, at a time when the blood 
pressure was supported by an increase in the peripheral 
vascular resistance suggesting that the response of the 
pulmonary circulation to a moderate hemorrhage is not 
an etiologic factor in the development of pulmonary 
insufficiency after shock and trauma. Changes in the 
pulmonary interstitial water volume following infusion 
of norepinephrine reflect capillary recruitment and in- 
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creased pulmonary blood volume rather than an in- 
creased interstitial fluid. Hypovolemia is not associated 
with a change in lung water. 
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Improved Technic for Radical Transthoracic 


HE TECHNICAL aspects of interscapulothoracic or 
jj Pete amputation for malignant tumors of the 
upper extremity have been well described by Nadler! 
and Pack.?* The spread of tumor through the chest 
wall was a contraindication to this procedure until 
Stafford and Williamst described the radical trans- 
thoracic forequarter amputation in 1958. Recently this 
author performed a variation of this procedure for a 
recurrent sarcoma in which a major portion of the upper 
chest wall and upper sternum, the upper lobe of one 
lung and a forequarter were all successfully removed 
in continuity. Because remarkable palliation has been 
achieved, this case is reported with the hope that others 
will consider the radical transthoracic forequarter op- 
_eration for certain select instances of malignancy. 


Case Report 


In May 1968, a 50-year-old woman had a large, hard tumor 
mass of 4 to 5 months’ duration, which increased the size of the 
left breast by nearly 50%. Examination of tissue removed by 
radical mastectomy showed a nodular tumor mass beginning 
# cm. lateral to the nipple and extending laterally for a distance 
of 11% cm. The average diameter of the tumor determined after 
sectioning was 8 cm., and histological classification was liposar- 
coma. There was no evidence of lymph node involvement. 

The patient had no evidence of further disease until August 
1971, when X-rays taken because of left upper arm and left 
upper chest discomfort showed a large density in the left upper 
chest. This mass appeared to involve the left upper lung, the 
apex of the left chest wall, and to extend through the chest wall 
to encroach upon the scapula (Fig. 1). Physical examination 
showed no evidence of tumor extension through the skin, no evi- 
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dence of recurrence in the old mastectomy incision, and no sig- 
nificant supraclavicular or axillary adenopathy. There was a good 
range of active motion of the left arm with no neurologic involve- 
ment, except for moderate muscle atrophy from old poliomyelitis. 
EKG, blood studies, and blood gases were normal. Needle biopsy 
through the second intercostal space anteriorly showed an ana- 
plastic liposarcoma which apparently had extended directly from 
the primary tumor in the breast. 

On August 31, 1971, a left postero-lateral thoracotomy was 
performed, resecting the fifth rib. A large tumor mass was found 
involving the left upper anterior chest wall over a 5-inch diameter 
area, invading the left upper lobe of the lung, extending medially 
to the upper sternum, superiorly to the clavicle and_ laterally 
beyond the chest wall. There was no apparent mediastinal or 
pulmonary hilar node involvement. A left forequarter amputation 
was performed in continuity with radical resection of the upper 
chest wall over a 6-inch diameter area, complete removal of 
clavicle, partial removal of the medial upper sternum and left 
upper lobectomy. Vascular control of the subclavian vessels was 
feasible at the clavicular level and through the chest. After 
freeing the left forequarter and upper chest wall, pulmonary 
artery control was obtained, permitting a safe upper lobe lobec- 
tomy. Three days later a portion of flap lateral to the mastectomy 
incision became cyanotic and was resected. A left lateral lumbar 
flap was raised and easily advanced to cover the defect. 

Recovery was uneventful and blood gases quickly returned to 
normal. Although paradoxical chest wall motion was obvious 
over approximately a 6-inch diameter area in the left upper 
anterior chest, the patient had no respiratory discomfort at the 
time of discharge 2 weeks later. A prosthetic shoulder and 
breast was made which gave a more pleasing cosmetic appearance. 
Eight months later the patient is free of pain and has no good 
evidence of recurrent disease. 


Discussion 


A difficulty sometimes arising with the standard fore- 
quarter amputation is the feasibility of resection when 
tumor extends into the area of the brachial plexus and 
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Fic. 1. Preoperative chest X-ray showing large tumor mass involv- 
ing left upper lung and extending through chest wall. 


subclavian vessels. In such instances resection is difficult 


and hazardous unless the major vessels are exposed. 


In 1958 Stafford and Williamst described a limited 


posterior transthoracic approach to the forequarter am- 
putation which permitted the control of the subclavian 





Fic. 2. Six months postoperative chest film showing no evidence 
of recurrence. 
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vessels through the chest. This approach also allowed 
for an initial assessment of intrathoracic involvement 
and extended the scope of the forequarter amputation 
to include a chest wall resection if indicated. 

A variation of this procedure is the initial use of a 
full postero-lateral thoracotomy. This permits an easier 
and more accurate assessment of intrathoracic disease 
and easier intrathoracic control of the subclavian vessels, 
especially on the left side. Moreover, when a tumor ex- 
tends through the chest wall into the upper lung, lobec- 
tomy and chest wall resection are facilitated through a 
full thoracotomy incision. Adequate exposure of the pos- 
teriorly lying pulmonary artery can be achieved allowing 
vascular control during pulmonary resection by first re- 
secting the chest wall and the involved forequarter. If 
indicated it is feasible with the exposure obtained to 
add a complete supraclavicular or radical neck dissection 
or a partial removal of the sternum. 

A theoretical objection to the wide removal of chest 





[7] ORIGINAL SPECIMEN 


B coerce sxin 


(a) OLD MASTECTOMY INCISION 





(b) NEW INCISION 


Fic. 3. A, B. Preoperative appearance with outline of incisions. 


(x) marks biopsy site included in surgical specimen. C. Original 


postoperative appearance. D. Final postoperative appearance after 


excision of ischemic skin lateral to old mastectomy incision. Lateral 


lumbar flap has been advanced upwards. 
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Fic. 4. Front and rear views showing surgical defect. 
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wall is the possibility of a flail chest. A roughly 6-inch 
diameter area of chest wall was removed in this in- 
stance, yet despite significant paradoxical chest wall mo- 
tion, late respiratory insufficiency was not encountered. 
No attempt was made to stabilize the chest wall by use 
of synthetic graft material because of possible infection. 
Skin was placed directly over the lung. The absence of 
solid structural rib support made it unfeasible to attempt 
to stabilize the chest wall with a volume respirator and 
a tracheostomy. However, in anticipation of some respi- 
ratory insufficiency in the early postoperative period 
while the patient was adapting to the flail chest and 
recovering from the initial shock of operation, a trache- 
ostomy did seem expedient. It was remarkable how 


RADICAL FOREQUARTER AMPUTATION 









469 
quickly a respiratory recovery was made. This was un- 
doubtedly due in part to the patients adequate preop- 
erative respiratory functions. 

With a major resection of this type, tissue coverage 
becomes a problem. In this particular instance coverage 
was made even more difficult by a previous radical 
mastectomy incision, resulting in necrosis of a portion 
of the flap lateral to the incision (Fig 3). Adequate tissue 
coverage was later provided by advancing a lateral lum- 
bar flap (Fig. 3). Ordinarily, where a mastectomy has 
not been previously performed, tissue coverage would 
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Fic. 5. See legend for Figure 4. 
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be far less of a problem. A variety of flap designs are 
possible and some imagination is of value. Considerable 
care and thought should be given to designing the flaps 
with the emphasis on too much rather too little flap. 

Although a mechanical arm and hand is the pre- 
ferred prosthesis for a forequarter amputation patient, 
such a prosthesis is not readily available. However, con- 
siderable cosmetic improvement was possible by use 
of a one piece artificial shoulder and breast device which 
gave a more pleasing contour (Figs. 6 & 7). This made 
a considerable difference in rehabilitating this patient to 
her family and to society. 

If time is allowed to pass with a large tumor mass, no 
matter where it lies, eventual problems with pain, infec- 
tion, or bleeding can be expected. Moreover, the mere 
knowledge that a non-resectable tumor mass is present 
is psychologically debilitating to most patients. For these 
reasons palliation may warrant a well planned radical 
operation, although with most extensive tumors a high 
cure rate cannot be anticipated. If the physician can in 
good conscience tell the patient that he completely en- 





Fic. 6. One-piece shoulder and breast prosthesis held in place 
by bra. 
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Fic. 7. See legend for Figure 6. 


compassed tumor at the time of operation most patients 
are very grateful and the quality of life can be materially 
improved. 

With any major procedure in which considerable dis- 
figurement or a major risk to life may occur, the patient 
and family must be fully informed before consent is 
obtained. Even when the procedure is successful the 
patient and family may still be resentful. This is less 
likely when there is a close relationship between pa- 
tient, physician, and family based on mutual trust and 
understanding. If family support is lacking or if the pa- 
tient shows lack of motivation about living or returning 
to the family, it is usually a wiser course to avoid op- 
eration. In this particular instance, a highly motivated 
patient and very understanding family were instru- 
mental in achieving successful rehabilitation following 
a very major operation. 


Conclusion 


A variation of the radical transthoracic forequarter 
amputation is described in which a standard postero- 
lateral thoracotomy is done prior to a forequarter ampu- 
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tation for malignant tumors involving. chest wall and 
upper extremity. Through a full thoracotomy incision 
initial accurate assessment -of intrathoracic disease can 
be achieved in order to determine the feasibility of re- 
section. Early transthoracic control df the subclavian 
vessels is practical. The scope of the usual forequarter 
amputation can be extended, permitting removal of 
a tumor involving the forequarter, chest wall, brachial 
plexus, or even extending into lung. If preoperative pul- 
monary functions are satisfactory, postoperative pul- 
monary insufficiency secondary to flail chest following 
a wide chest wall resection can be minimal. The cosmetic 
deformity, although considerable, is little more than that 
following the usual forequarter amputation, and can 
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be greatly lessened with the use of a prosthetic shoulder 
and breast. 
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Mechanisms of Pulmonary Damage in Severe Burns 


Eo in the management of the shock phase 

of severe thermal injury and the development of topi- 
cal agents for control of infection in the burn wound 
have. significantly reduced the early post-burn mortal- 
ity.2-11,14,16,1617 Such advances have not, however, re- 
sulted in a dramatic overall decrease in mortality. 
Rather, the major causes of death appear to have been 
shifted to pulmonary complications, and to overwhelm- 
ing infection by normally non-pathogenic gram-nega- 
tive bacteria.” These complications and a variety of 
other as yet poorly defined metabolic derangements 
have been termed “burn disease,” and it appears that 
the development of more specific forms of treatment for 
burn disease awaits further progress in our understand- 
ing of the pathogenesis of the individual components 
of this syndrome.”* The present report describes a num- 
ber of observations which may have a direct bearing 
upon this question. 

Anoxia secondary to pulmonary damage has generally 
been recognized as an important. contributing factor 
in the mortality of severe thermal injury. This compli- 
cation has been directly linked to the inhalation of in- 
complete products of combustion in a number of cases,1* 
but such a clear-cut etiology has not been documented 
in.d number of instances of post-bum hypoxemia. Re- 
cent studies of changes in host reticuloendothelial sys- 
teni function after thermal injury have provided an un- 
expected opportunity to examine a number of factors 
which may be of direct relevance to this question. Dur- 
ing such studies, it has been observed that intravenous 
injection of colloidal carbon particles into burned rats 
within the first hour after injury results in a rapid em- 
bolization of such particles to the pulmonary vascular 
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tree, followed by inechanical vascular obstruction, in- 
terference with gas exchange and respiratory death. The 
biological and therapeutic implications of this observa- 
tion zre described in the present report. 


Materials and Methods 


Adult male open stock Wistar rats weighing 250-300 
Gm. were used throughout this study. The animals were 
clipped on the day before burning by a technic which 
has been described in detail previously.’® Briefly, this 
consists of applying, under ether anesthesia, a metal 
surface maintained at 250°C to a pre-calculated body 
surface area of each recipient (30%), through a. meas> 
ured asbestos frame. Control of the duration of exposure 
and of the pressure applied produce a standard full- 
thickness burn of the exposed skin. Each animal is 
treated with 3 ml. of sterile isotonic saline solution per 
100 Gm. of body weight immediately after injury. Groups 
of burned rats and normal control animals received in- 
travenous suspensions of colloidal carbon at different in- 
tervals after burning. - 

The method of Halpern, Benacerraf and Biozzi® was 
utilized for the preparation of all colloidal carbon sus- 
pensions. An India-ink suspension containing 90 mg. 
of carbon/ml. of solution, 4.3% fish glue and 0.9% phenol 
(Pelikan Werke, Hannover, Germany, Lot C11/1431A ) 
was centrifuged at 1500 g for 20 min to remove all laige 
particles and aggregates; the supernatant, containing 
particles measuring 200-500 A in diameter, was ad- 
justed to a final carbon concentration of 30 mg./ml. in 
a 2% gelatin solution, and was brought to pH7 by the 
addition of 0.01 N NaOH. This preparation was stored! 
at 4°C until used; at that time, it was heated to 37°C. 
Each rat received a standard dose of 30 mg. of carbon/ 
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100 Gm. of body weight. In one series of experiments, 
50 USP units of heparin (Organon, Inc.)/100 Gm. of 
body weight were given’ intravenously to the recipients 
5 minutes before the carbon injection. 

In order to determine the rate of carbon clearance 
(CCl) from the circulating blood of the recipients, 
0.025 ml. of blood was collected from each animal in 
heparinized micropipettes at 2, 10, 20, 30, 45, 60, 90, 
120, 150, 180, and 210 min. after the injection of carbon. 
The blood was lysed in 5 ml. of 0.03N NaOH and the 
carbon concentration of each sample was determined 
at 750 mp in a Beckman DU Spectrophotometer. The 
amount of carbon present in each sample was calcu- 
lated on the basis of a standard curve prepared by opti- 
cal readings of known carbon concentrations in hepari- 
nized blood.® The CCl was calculated as the percentage 
of the initial post-injection carbon concentration (ie., 
the reading at 2 min.) cleared from the blood during the 
period of study. The results listed in this report repre- 
sent the mean CCl observed for each particular number 
of rats studied in the experimental group at that par- 
ticular time. 

Thirty-six burned rats were sacrified within 4 hours 
after the injection and the carbon deposited per unit 
weight (wet weight) of liver, spleen and lung was de- 
termined. For this purpose, the organs were weighed and. 


were then hydrolyzed i in boiling 30% NaOH solution under . 
a layer of 95% ethanol. After digestion of the tissues was- 


complete, the carbon preparation was resuspended in 


95% ethanol and then in distilled water. The final carbon 


preparation was resuspended in 95% ethanol and trans- 


ferred into standard vials of known weights. The ethanol 
was evaporated by boiling, and the dried carbon was 


weighed in a standard manner.® Histologic studies were 


performed on the liver, spleen, lungs, kidneys, brain and 
heart of all animals at the time of death. or when the 
recipients were sacrificed as described above. 


Experimental Results 


The mortality produced by injection of carbon at dif- 
ferent intervals after injury is illustrated in Figure 1. 
Thirteen of 29 (48%) animals given carbon at 1 hour 
after injury died within 15 min. after injection. Within 
24 hours, 25 of 29 recipients (86%) had died. Generally 
similar effects occurred in 11 rats given carbon at 4 
hours after burning. The early deaths in these animals 
were associated with the rapid onset of cyanosis, tachy- 
cardia and respiratory distress, followed by apnea. Such 
results were not observed when the same dose of car- 
bon was given to 99 unburned rats, to eight rats treated 
within 8 hours after injury; and to 102 animals treated 
at 24, 48, 72, 96 hours and at 4, 7, 14, and 21 days after 
burning. Histologic study of the organs of rats dying 
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Fic. 1. Comparative mortality of 30% body surface area, full- 
thickness skin burns in normal and carbon-treated rats. 


shortly after treatment showed massive carbon’ deposits 
in the pulmonary vascular bed and severe hepatic con- 
gestion. In contrast, most of the carbon injected into 
rats within 24 hours to 21 days after burnin g was local- 
ized in the fixed macrophages of the liver and spleer. 
Figure 2 summarizes the mean CCl rates observed in 
five groups of rats injected with carbon at different 
periods after thermal injury, and compares the results 
with those noted in 88 unburned animals injected with 
the same amounts of carbon. The injected carbon was 


- gradually cleared from the blood of 88 normal rats; 


76% of the 2 min. concéntration remained in the blood 
of the récipients at 10 min.; 70% at 20, 49% at 45, 26% at 
90, 23% at 120, 9% at 180 and 5% at 210 min. after injec- 
tion. Theré was a significant (p < 0.001) slowing of the 
CCI in 16 rats given carbon at.8 hours after burning; 
92% of the 2 min. carbon concentration remained in tke 
blood at 10 min., 85% at 20, 72% at 45, 55% at 90, 45% at 
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Fic. 2. Rate of clearance of carbon particles in burned rats. 
I. Carbon injected 8 hours to 21 days after thermal injury. 
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120, 32% at 180, and 27% at 210 min. after injection. The 
CCI was still significantly depressed in 23 rats given car- 
bon at 24 hours after injury, with 88% of the injected 
carbon present in the circulation at 10 min., 78% at 20, 
62% at 45, 40% at 90, 32% at 120, 20% at 180 and 15% at 
210 min. after injection. The CCl values were noted to 
return to normal levels in the groups of rats injected at 
2 days (12 rats), 3 days (12 rats), 4 days (12 rats), 
and 5 days (11 rats) after injury. A relative increase was 
noted, however, in the mean CCI of nine rats injected 
at 7 days after burning, with 80% of the 2 min. carbon 
concentration remaining in the blood at 10 min. after 
injection, 60% at 20, 32% at 45, 10% at 90, 7% at 120 and 
3% at 210 min. after injection. The CCl rates observed in 
rats injected with carbon at 14 days (10 rats) and 21 
days (31 rats) did not differ significantly from the re- 
sults observed in unburned rats. 

The CCI rates observed in animals injected with car- 
bon at 1 hour after burning differed markedly from the 
results described above. As noted in Figure 3, three 
different types of responses were noted in 29 rats given 
carbon suspensions within 1 hour after injury. The first 
group included 14 rats dying within 15 min. after the 
injection of carbon. This was associated with a pre- 
cipitous disappearance of the injected carbon from the 
circulating blood of the recipients, so that only 6% of 
the initially injected carbon was detectable in the blood 
of these animals within 10 min. after injection. In the 
second group of 11 rats that survived the early phase, 
but died within the first 24 hours after injection of car- 
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Fic. 3. Rate of clearance of carbon particles in burned rats. 
II. Carbon injected 1 hour after thermal injury. 
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bon, there was a similar but somewhat less rapid disap- 
pearance of carbon from the blood, with 25% of the 
initial carbon concentration remaining in the blood at 
10 min. after injection, 20% at 20, 15% at 45, 11% at 60, 
7% at 90, 5% at 120 and 2% at 210 min. after injection. In 
contrast, the CCI rate observed in a third group of four 
rats which survived the early carbon injections closely 
approximated the values observed in unburned animals 
given the same amounts of carbon. 

The mean carbon concentrations observed in the 
organs of burned rats injected with carbon at different 
periods after injury are summarized in Figure 4. Most 
of the carbon injected into-12 unburned rats was taken 
up by the spleen (7 mg./Gm. of organ) and the liver 
(8.2 mg./Gm. of organ); only a small amount of carbon 
(1.7 mg./Gm. of organ) was recovered from the lungs 
of the recipients. Similar carbon concentrations were 
noted in the lungs of 36 rats injected with carbon at 
8 hours, 24 hours or 7 days after thermal injury. In con- 
trast, most of the carbon recovered from rats injected 
within 1 hour after injury (10 mg./Gm. of organ) was 
found in the lungs of these recipients. The carbon con- 
centrations detected in the spleens and livers of. such 
animals were significantly lower (3 mg./Gm. of spleen 
and 4.7 mg./Gm. of liver). An additional point of in- 
terest highlighted by Figure 4 is the suggestive evidence 
that spleen components may play a significantly greater 
role in the phagocytosis of carbon than hepatic cells at 
8 and 24 hours after injury. At these times, a greater 
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Fic. 4. Carbon concentration in the lungs, spleen and liver of 
burned rats injected with carbon at different times after thermal 


injury. 
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proportion of carbon was recovered from the spleens 
(13.7 mg./Gm. of organ and 16.3 mg./Gm. of organ re- 
spectively) than from the livers (5.6 mg. /Gm. of organ 
- and 8.5 mg./Gm. of organ respectively) of these animals. 
The carbon uptake rates of these organs in unburned 
rats or in rats injected at 7 days after injury were roughly 
equivalent. 

Treatment of the recipients with anti-coagulant doses 
of heparin had a significant effect upon the mortality 
associated with injections of carbon within 1 hour after 
thermal injury. As noted in Figure 5, the 60% mortality 
produced by this procedure within 4 hours after carbon 
injection was reduced to 8% in 49 rats given heparin 
before administration of carbon. The 24-hour mortality 
in the first group was 90%, as compared to 35% in 21 
heparinized rats. The protective effects of heparin were 
- associated with marked decreases in the rates of CCl 
in treated animals. The mean CC] in eight burned rats 
given heparin prior to the 1 hour-post-injury injection 
of carbon is illustrated in Figure 6, and is contrasted 
with the results obtained without heparin. At 10 min. 
after injection, 96% of the 2 min. carbon concentration 
still remained in the blood of the heparinized recipients. 
This value was 91% at 20, 82% at 45, 65% at 90, 54% at 120 
min. after injection. There appeared to be a greater de- 
crease in the CCl in this group than in the non-heparin- 
treated rats tested with carbon at 8 hours after injury 
(Fig. 2). As noted in Figure 7, heparin prevented the 
massive deposition of carbon in the lungs of burned 
rats given carbon at 1 hour after injury. The mean 
carbon concentration in such animals was 1.5 mg./Gm. 
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Fic. 5. Effects of heparin upon the mortality of carbon injected 
into rats 1 hour after thermal injury. 
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Fic. 6. Effects of heparin on the rate of clearance of carbon 
particles injected within 1 hour after thermal injury in rats. 


of lung, in contrast with 10 mg./Gm. of lung in rats not 
treated with heparin (Fig. 4). 


Discussion 


The rate of carbon clearance from the host’s blood 
circulation is generally accepted as a simple and re- 
liable index of the phagocytic activity of the fixed com- 
ponents of the reticuloendothelial system (RES).° Based 
upon such criteria, the early post-burn phase (8-24 
hours) appears to be associated with significant de- 
creases in the level of function of this component of the 
RES, as has been suggested by the studies of Rittenbury 
and Hanback.?®2° It is of interest, however, that such 
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Fic. 7. Carbon concentration in the lungs, spleen and liver of 
heparinized burned rats injected with carbon at different times 
after thermal injury. 
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early decreased function appears to be followed by a 
relative increase in phagocytic activity within 7 days 
after injury. 

When the same dose of carbon used during these 
studies was given to burned rats within 1 to 4 hours 
after injury, a large number of recipients developed 
acute and lethal anoxia, with massive deposition of the 
injected carbon in the pulmonary vascular bed. This 
result closely resembles the effects of treatment of nor- 
mal rats with carbon particles suspended in organic 
Shellac.® Halpern, Benacerraf and Biozzi® have shown 
that, under such conditions, or upon addition of 
thromboplastin to shellac-free preparations, an intra- 
vascular flocculation of the injected carbon particles 
occurred, with subsequent embolization to the pul- 
monary vascular tree. The authors suggested that the 
organic shellac caused the release of thromboplastin 
from host tissues, followed by the appearance of micro- 
aggregates of fibrin, and secondary flocculation of the 
injected carbon particles.® The results of this study in- 
dicate that severe thermal injury may initiate a similar 
sequence of events during the early post-burn period. 
This possibility is supported by recent reports that 
other forms of soft tissue injury may cause the release of 
showers of such micro-aggregates into the host’s circu- 
lation, with subsequent embolization to the pulmonary 
vascular tree.*:5.613.21 The results are also in agreement 
with Eeles and Sevitt’s® report of platelet-fibrin deposits 
in the pulmonary vascular bed of severely burned pa- 
tients, and with the significant falls in the level of circu- 
lating blood platelets noted by Innes and Sevitt!? during 
the immediate post-burn phase. 

Anti-coagulant doses of heparin have the capacity to 
prevent the massive pulmonary embolization of carbon 
particles injected into burned rats within one hour 
after injury, and to significantly decrease the mortality 
rate in this experiment—an effect which appears to be 
directly related to the ability of heparin to keep the 
injected carbon suspended in the circulating blood 
stream. This observation closely parallels the activity 
of heparin in preventing the lethal effects of organic 
shellac or of thromboplastin in the original experiments 
of Halperin, Benacerraf and Biozzi.® 

These results raise the possibility that a certain pro- 
portion of the hypoxemia states occasionally observed 
during the early post-burn phase may be related to a 
massive deposition of platelet-fibrin microemboli in the 
pulmonary vascular tree of the injured subject. In the 
absence of a clinical history of inhalation of incomplete 
products of combustion, such a complication may not 
be apparent until it has reached the irreversible stage. 
In this regard, the periodic monitoring of arterial Poz, 
Pcos and pH levels??? may be of particular relevance 
during the immediate post-burn period. The ability of 
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heparin to prevent the sequelae of post-burn intravascu- 
lar micro-aggregation suggests that heparin may be of 
usefulness in the management of this potential cause of 
pulmonary death. 


Summary and Conclusions 


Application of a 30% body surface area full-thickness 
skin burn is associated in Wistar rats with a significant 
decrease in the phagocytic activity of the reticuloendo- 
thelial system in the early post-injury period. This phase 
is followed by increased rates of phagocytosis in the first 
week after thermal injury. 

Intravenous administration of colloidal carbon sus- 
pensions to burned rats within 1 to 4 hours after injury 
may result in a precipitous clearance of carbon from 
the blood, with massive embolization of carbon floccules 


~ 


to the pulmonary vascular tree and anoxic death of ` 


the recipients. Anti-coagulant doses of heparin may 
prevent this effect. 

The results support the possibility that thermal injury 
may cause the release of fibrin-platelet micro-aggregates 
into the host circulation, with their subsequent emboli- 
zation to the pulmonary vascular tree. This possibility 
suggests the potential usefulness of monitoring arterial 
Poz, Pcos and pH levels in severely burned subjects, for 
the early recognition and management of some hitherto 
unrecognized potential causes of post-burn hypoxemia. 
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Omphalocele and Gastroschisis 


G. HOSSEIN MAHOUR, M.D.,* JORDAN J. WEITZMAN, M.D.,** 


~,mphalocele has been defined as an herniation of 
O viscera into the base of umbilical cord with a 
covering membranous sac of peritoneum-amnion.?!:1¢18 
In this anomaly, the umbilical cord is inserted into the 
sac, but the sac may be ruptured pre- or postnatally. 
When the defect is large, an omphalocele may contain 
liver or spleen in addition to a large portion of the in- 
testinal tract. l 

Gastroschisis is a full thickness cleft of the abdominal 
wall next to the insertion of the cord through which the 
intestines are eviscerated.17-18.21 The characteristics which 
differentiate gastroschisis from omphalocele are the 
extra-umbilical location of the abdominal wall defect, 
the normal insertion of the umbilical cord and the 
absence of a covering sac or its ruptured remnants.2),2 

Mortality rates for each condition have been high; +13, 
26.27 and this has been ascribed to sepsis, starvation 
during prolonged intestinal ileus, respiratory insufh- 
ciency from increased abdominal pressure postopera- 
tively, and to other associated anomalies. With the recent 
use of staged repair with Silon prosthesis?-14.25 and total 
parenteral alimentation for the infant who cannot feed, 
the outlook for these babies seems to have improved. 

The purpose of this paper is to review the experience 
with these conditions during 10 years at the Childrens 
Hospital of Los Angelės and to examine in detail the 
factors affecting mortality. > * 
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Material 


_ During the years July, 1960 through June, 1970, 59 
patients with omphalocele and gastroschisis have been 
seen and surgically treated at the Childrens Hospital of 
Los Angeles (Table 1). In 57 patients, the initial surgi- 
cal procedure was performed here and in two the initial 
procedure had been performed elsewhere and the pa- 
tients were referred here for further treatment. Patients 
with abdominal wall defect associated with ectopia 
cordis or exstrophy of the bladder with or without vesico- 
intestinal fistula®*!223 are not included in this series. 

In 22 cases, there was an intact omphalocele. In five 
additional cases, remnants of the ruptured sac were 
present; these were classified as ruptured omphalocele. 
Twenty-three patients had normal insertion of the um- 
bilical cord next to the abdominal wall defect and had 
no evidence of sac or sac remnant and were diagnosed 
as gastroschisis. In nine additional instances, the opera- 
tive description was not adequate to classify the case; 
these were called Indeterminate (Table 1). 

In estimation of mortality rates, death is considered as 
such when it oceurréd during the same hospital ad- 
mission. 


Results 


Mortality. Of the 59 patients, 30 are alive and 29 
ate dead—a mortality rate of 49% (Table 1). Mortality 
rate for 22 patients with intact omphalocele was 23%; 
whereas, in 37 patients with intestinal evisceration (rup- 
tured omphalocele, gastroschisis plus the indeterminate 
group) the overall mortality rate was 65% (Chi squared 
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= 8.19, p < 0.01). In the latter combined group, the 
mortality rate was highest in the patients with ruptured 
omphalocele: 100% vs. 61% for gastroschisis and 56% for 
the indeterminate group. There were no significant dif- 
ferences in mortality rate between the gastroschisis and 
indeterminate groups. 

The high mortality in patients with intestinal eviscera- 
tion has been reduced in recent years. From 1960 
through 1965, only four of 22 patients with ruptured 
sac or no sac survived, a mortality rate of 82%; from 
1966 to 1970, 15 such patients were admitted with nine 
survivors, a mortality rate of 40%; (Chi squared = 5.13, 
0.01 < p < 0.05). 

Birth Weight. In 18 patients with intact omphalocele 

in whom the birth weight was recorded, one weighed 
less than 2,500 Gm. at birth (this child died). Seventeen 
patients weighed 2,500 Gm. or more at birth and two 
of these died. 
In 36 patients with ruptured sac or no sac in whom 
the birth weight was recorded, 24 weighed less than 
9,500 Gm, at birth; 15 of these died. Twelve patients 
weighed. 2,500 Gm. or more at birth and 8 of these 
died. 

Size of Defect. Of the patients with intact omphalo- 
cele, 11 had defects 4 cm. or less in diameter, none of 
them with the liver presenting in the defect; two of these 
died. Eleven had defects more than 4 cm. in diameter; 
three of these died (Table 3). In the majority of the 
patients of the latter group, the sac contained liver in 
addition to the intestines. 

Associated Anomalies. Fourteen patients with om- 
phalocele, three with gastroschisis and two patients of 
the indeterminate group had anomalies in addition to 
the ventral abdominal defect and coexisting incomplete 
rotation of the intestine (Table 2). 

Four patients with intact omphalocele had congenital 
heart disease. All of these patients underwent primary 
closure of the abdominal wall defect. Two of these 
patients, one with tetralogy of Fallot and the other with 
ventricular septal defect, are living. The third patient 
with agenesis of the left atrium, totally anomalous pul- 
monary venous return, ventricular septal defect, coarcta- 
tion of the aorta and anorectal agenesis, died 1 day 
after operation. The fourth patient had transposition of 
the great vessels, ventricular septal defect and ileal 
atresia. She died of Pseudomonas sepsis 2 months after 
operation. 

A premature baby with gastroschisis had associated 
ventricular septal defect and arthrogryposis. This patient 
died of subarachnoid hemorrhage and sclerema 4 days 
after skin flap coverage of the eviscerated intestines. 
Another patient from the indeterminate group had ven- 
tricular septal defect; this child is one of the survivors. 

Two patients with intact omphalocele. had diaphrag- 
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TABLE 1. Omphalocele and Gastroschisis in 59 Patients—1960-1970 
ee ee ee 


No. of Patients 





Diagnosis M. F. Alive Deač 

Omphalocele 15 12 17 10 

Sac Intact 12 10 17 5 

Sac Ruptured 3 2 0 5 
Gastroschisis 15 8 9 14 
Indeterminate* 5 4 4 5 
Total 35 24 30 29 
fg a ae 


* Detail of the abdominal wall defect is not recorded. 


matic hernia. Diagnosis of this associated anomaly was 
made preoperatively in one patient. She died 1 day after 
repair of the left diaphragmatic hernia, partial hepatez- 
tomy, and skin flap coverage of thẹ omphalocele. She 
also had associated hydronephrosis. The second patient 
underwent primary closure of the abdominal wall defect. 
This patient died during early postoperative course and 
postmortem examination revealed a large right diaphrag- 
matic hernia, which was not recognized at the operaticn, 
with herniation of portion of the liver into the right 
thoracic cavity. 

At operation and after removing the intact sac, diag- 


‘nosis of small bowel atresia was made in three patients 


with omphalocele, Three additional patients, two with 
gastroschisis and one with ruptured omphalocele, had 
small bowel atresia. In these patients, the presence of 
this anomaly was recognized between the rubbery, thizk- 
ened, and edematous mass of bowel at the time of ab- 
dominal wall closure. 

The chromosome analysis confirmed diagnosis of 
Down’s syndrome in one patient and 18-trisomy syn- 
drome in another. Both patients had repair of the 
omphalocele with intact sac and both are dead, at ages 
2 and % years and I year respectively, due to unrelated 
causes. 


Treatment 


The surgical treatment is outlined in Table 3. 

In 16 patients with ruptured sac or no sac, the post- 
operative course was complicated with sepsis. In nine 
patients, sepsis was due to Pseudomonas aeruginosa, all 


TABLE 2. Additional Significant Anomalies (Incomplete Rotation and 


fixation of the Intestines Are Not Included). 


Omphalocele Gastroschisis Indeterminate 


Anomaly (14 patients) (3 patients) (2 patients) 


Cardiovascular 
Diaphragmatic hernia 
Small bowel atresia 
Anorectal anomaly 
Renal anomaly 
Anomalies of extremities 
Cleft lip & palate 
Down's syndrome 
18-trisomy syndrome 


pone p fous pte Cd DD He IND pe 
COOoOrFr DON Ory 
Oo ore OOOO 
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TABLE 3. Surgical Procedures in 59 Patients with Omphalocele 
and Gastroschisis 


OUA ee tC CCE tt CCU UE ON RE ee neem 


Type Procedure No. of cases Deaths 
Intact sac: . 22 5 
Defect 4 cm. or less li 2 
One-stage closure 10 1 
Staged procedure* 1 1 
Defect over 4 cm. 11 3 
One-stage closure 3 
Staged procedure* 4 0 
Ruptured sac: 5 5 
l One-stage closure 1 1 
Staged procedure* 4 4 
Gastroschisis: j 23 14 
One-stage closure 5 3 
Staged procedure* 18 11 
Indeterminate: 9 5 
One-stage closure 4 2 
Staged procedure* 5 3 


* Ventral hernia coverage with mobilized skin (with or without 
flank relaxing incisions) or prosthetic material as the first stage. 


of these patients: developed sepsis while on antibiotics 
such as penicillin, Streptomycin, and Chloromycetin— 
alone or in combination. Pseudomonas ‘sepsis developed 
in one additional patient after repair of intact omphalo- 
cele and intestinal anastomosis for ileal atresia. This 
child had transposition of the great vessels and ventricu- 
lar septal defect. 

Three patients with eviscerated bowel developed post- 
operative fecal fistula after ventral hernia coverage with 
skin flap. 


Omphalocele with Intact Sac. Of the 11 patients with | 


abdominal wall defect 4 cm.. or less in diameter, ten had 
primary closure of the defect (Table 3). The only death 
in this group occurred in a patient with agenesis of the 
left atrium, totally anomalous pulmonary venous return, 
ventricular septal defect and coarctation of the aorta, 
one day after sigmoid. colostomy for anorectal agenesis 
and repair of the omphalocele. Staged procedure was 
performed in one patient. This child had hydronephro- 
sis and died 1 day after repair of congenital left dia- 
phragmatic hernia, partial hepatectomy and skin flap 
coverage of the omphalocele. 

Of the 11 patients with abdominal wall defect over 
4 cm. in diameter, four patients had staged procedures; 
all of these patients are among the survivors (Table 3). 
Primary closure of the abdominal wall was performed 
in the remainder; three of these patients died. One death 
occurred during the early postoperative course, and post- 
mortem examination of the patient revealed a large right 
diaphragmatic hernia, which was not recognized at op- 
eration, with some hepatic herniation into the right 
thoracic cavity, Another patient developed cardiac ar- 
rest and pulmonary failure shortly after operation. Her 
condition improved when tightly closed abdominal fascia 
was opened, but she died from a second cardiac arrest 
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shortly thereafter. The third patient died with Pseu- 
domonas sepsis 2 months after repair of the omphalocele 
and intestinal anastomosis for ileal atresia. This child had 
transposition of the great vessels and ventricular septal 
defect. 

Ruptured Omphalocele. One patient, with this anom- 
aly, had primary closure of the abdominal wall defect; 
this child died 3 days later with aspiration pneumonitis. 
Four additional patients had staged procedures; all of 
these babies were premature, one had associated ileal 
atresia and all of these patients are dead. Two patients 
died with Pseudomonas sepsis, one with pulmonary in- 
fection, and the last on died with massive pulmonary 
hemorrhage, 

Gastroschisis. Five patients had one-stage closure of 
the abdominal wall defect; three of these babies died 
with Pseudomonas sepsis, One of the survivors was op- 
perated upon elsewhere. Two days later, abdominal ex- 
ploration revealed volvulus due to incomplete rotation 
and fixation of the intestine. 

Eighteen patients had staged procedures; 11 of this 
group failed to survive. Ten deaths occurred after the 


first stage of the operation—use of skin flaps or prosthetic 


material to cover the eviscerated bowel. Sepsis, pul- 
monary infection and complications of the abdominal 
crowding were the major contributing causes of deaths. 
One additional patient died with massive hemoperito- 
neum and uncontrollable excessive “serosal ooze” shortly 
after “peeling off’ the membrane from the bowel wall 
and mobilized skin coverage of the eviscerated intestines. 
In one of the survivors, the intestinal anastomosis for 
ileal atresia was left in a “Silon chimney.” Forty days 
later, the Silon sheets were removed and the abdominal 
wall defect was finally closed. At this operation, the 
intestines appeared to be normal with no covering mem- 
brane and the anastomosis was well healed. 
Indeterminate Group. Four patients had one-stage 
closure of the abdominal wall defect; two of these died. 
One patient died with aspiration pneumonia and the 
second patient developed infarction of the intestine 4 
days after operation. This last patient died with Pseu- 
domonas sepsis 3 weeks after massive intestinal resec- 
tion. One of the survivors was operated upon elsewhere. 
Abdominal exploration on the following day revealed 
volvulus due to incomplete rotation of the intestines. 
Five patients had staged procedures, three of these 
died. All three patients were premature, two died with 
sepsis (one Pseudomonas), and the third patient had 
associated arthrogryposis and died with pulmonary in- 


fection and sclerema. 


Comments 


Omphalocele and gastroschisis are acute emergencies 
of the neonatal period. As demonstrated in this series, 
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the high mortality in these patients is due in part to the 
associated anomalies. 

Nonoperative management of large intact omphalocele 
has been advocated.1%11-15.28 We have no experience with 
this type of management, but it appears that surgically 
correctable intra-abdominal anomalies are frequent 
enough to justify abdominal exploration in these patients. 
In this series, three patients with intact omphalocele 
had small bowel atresia and two other patients had 
diaphragmatic hernia. Aitken’ reported a death due to 
intestinal obstruction from a malrotation which was 
missed at the original operation. Grob’® reported 16 
patients with intact omphalocele treated with nonopera- 
tive management. Two of his patients died from midgut 
volvulus. Bil reported a patient with midgut volvulus 
while under expectant treatment. Six patients had to be 
operated upon after the omphalocele repair so that the 
malrotation could be corrected. 

In patients with gastroschisis, prematurity, incomplete 
rotation and fixation of an abnormally short midgut is 
common.,*-!%.21,24 In these patients, the eviscerated mass 
of bowel, similar to that in patients with ruptured 
omphalocele of long duration, is thickened and edema- 
tous. The bowel is relatively rigid, matted together 
and is covered with a fibrinogelatinous membrane. 
Peristalsis is usually absent, The spleen and the liver are 
not protruding through the defect although the stomach, 
gallbladder, uterus, and adnexa may be seen. Eviscera- 
tion of the urinary bladder has been reported.®?? 

We would propose initial operative repair in most cases 
of omphalocele and gastroschisis and reserve the non- 
operative management?®11.45.28 for the premature infant 
-2 with large intact omphalocele and multiple associated 
anomalies, who is a poor risk for operation. Preopera- 
tively, the eviscerated viscera or the intact sac of the 
omphalocele should be covered with sponges soaked in 
sterile saline or a plastic bag to avoid heat and electro- 
lyte loss. The exposed viscera should be supported to 
prevent torsion and kinking. 

Considerable judgment must be exercised in selection 
of the procedure to repair the defect. Tight closure and 
creation of abdominal crowding should definitely be 
avoided in all cases. In some patients, manual stretching 
of the abdominal wall from the inside‘ allows the bowel 
to reside in the abdominal cavity and the defect be 
closed without tension. In any patient in whom the pri- 
mary closure portends abdominal crowding, institution 
of the staged procedure is vital if high mortality is to be 
_ avoided. In some, flank relaxing incisions make the 
abdominal closure easier and prevent increased intra- 
abdominal pressure and skin necrosis due to tight skin 
flaps. We favor utilization of Silon sheets?.1+25 when 
staged procedure is undertaken. To prevent the con- 
sequences of increased intra-abdominal pressure and skin 
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necrosis produced by tight closure of the flaps, nonopera- 
tive management of large intact omphalocele has been 
advocated with encouraging results.14158 Utilization 
of the Silon sheets prevents these complications and the 
other inherent disadvantages of skin covered ventral 
hernia. Postoperatively, with staged reduction of the 
content of the Silon pouch and with progressive stretch- 
ing, the abdominal wall enlarges in a short period of 
time to accommodate its viscera. 

In order to facilitate the abdominal closure, splenec- 
tomy and liver resection® or intestinal resection?’ should 
not be done. Removal of the thick fibrinous peel from the 
surface of the bowel (decortication*+*), is difficult, 
tedious, time consuming and unnecessary. It creates ex- 
tensive raw surface with its potential immediate and 
late complications and it may result in perforation. In 
this series, one patient died due to uncontrollable ex- 
cessive “serosal ooze” shortly after the operation. In gas- 
troschisis and ruptured omphalocele of long duration, it 
is extremely important to carry out gentle blunt dissec- 
tion of the matted-together mass of intestine in search 
for atresia. Deaths from unrecognized intestinal atresia 
have been reported.” In these patients, the thickened 
edematous bowel is not capable of peristalsis for many 
days after operation. We are impressed with distinct 
advantages of gastrostomy in these cases in helping to 
control gastric distention, avoidance of ventilatory com- 
plications and monitoring the progress of the feedings. 
Postoperatively, due to resolution of the fibrino-exudate 


‘membrane covering of the bowel and exposure of the 


trapped organisms, early and late sepsis is common. Pro- 
longed administration of antibiotics may be helpful, and 
the patient should be carefully watched for sepsis. In 
this series, nine patients developed postoperative Pseu- 
domonas sepsis although they were “covered” with anti- 
biotics. 

We attribute our steadily increased survival to fre- 
quent employment of the staged procedures, urgent 
attention to restoring blood volume during and after the 
operation, prevention of hypothermia and frequent as- 
sessment of the electrolytes and correction of acid base 
imbalance. Careful attention to the nutritional status of 
the infant with employment of total parenteral alimenta- 
tion are of considerable importance. 


Summary 


Fifty-nine cases of omphalocele and gastroschisis are 
presented—the experience at the Childrens Hospital of 
Los Angeles during a 10-year period, 1960-1970. On the 
basis of our experience with these patients, we draw the 
following conclusions: 

1. The high mortality rate in these patients is due in 
part to the associated anomalies. 

2. In patients with omphalocele, surgically correctable 
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intra-abdominal anomalies are frequent enough to war- 
rant abdominal exploration. 


3. Whichever method of treatment is undertaken, cre- 


ation of abdeminal crowding should be avoided in all 
cases. We favor the ventral hernia coverage with Silon 
sheets when staged procedure is undertaken. 


4. The occurrence of early and late postoperative 


sepsis, particularly due to Pseudomonas aeruginosa, 
should be anticipated. 


10. 
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Acute Pancreatitis with Hyperlipemia: 


The Incidence of Lipid Abnormalities in Acute Pancreatitis 


A N association between acute pancreatitis and hyper-. 


lipemia is well recognized. The etiology and fre- 
quency of this association, however, are unknown. Ex- 
perimental work has indicated that hyperlipemia may 
result from pancreatitis;?>?" in contrast, some clinical 
data strongly suggest that the lipid disorder provokes 
acute pancreatitis.°?! Estimates of plasma lipid abnor- 
malities in acute pancreatitis have ranged from 4% 7° to 
53%. In part, the wide disparity in the reported fre- 
quency of lipid abnormalities may result from differences 


‘in terminology. Increased levels of circulating lipids 


(hyperlipidemia) produce lactescent or lipemic serum 
(hyperlipemia) only when serum triglyceride levels ex- 
ceed 300-400 mg./100 ml. Although it has been estimated 
that only 3 to 12% of patients with acute pancreatitis 
have lipemic serum during the episode,51* it has been 
our impression that lipid abnormalities are present in a 
much larger proportion of patients with acute pancre- 
atitis. In order to examine this question, lipid metabolism 
was studied prospectively in a consecutive series of pa- 
tients who presented to our hospital with acute pan- 
creatitis. 


Clinical Material 


Criteria for inclusion in the study group were 1.) 
the clinical diagnosis of acute pancreatitis, and 2.) either 
an elevated serum amylase (exceeding 250 Caraway 
units ) or lactescent serum. Forty-eight patients met these 


criteria and were studied in 57 consecutive hospital ad- 


missions (Table 1). The pancreatitis was associated 
with alcoholic intake on 45 admissions and biliary tract 
disease on nine admissions. After inclusion in the study 
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the following parameters of serum lipid metabolism 
were measured: total lipids, triglycerides, cholesterol, 
phospholipids, free fatty acids (FFA), post heparin 
lipolytic activity (PHLA), PHLA inhibition, and lipo- 
protein electrophoresis. A 24-hour urine collection for 
amylase excretion was obtained during one of the first 3 
days after admission in 33 patients. 

An identical battery of lipid studies was performed 
on a “control” group of 34 patients with a variety of 
abdominal disorders (Tables 1 & 2), This was a pro- 
spective, nonconsecutive group of patients picked ran- 
domly after admission with acute abdominal pain. None 
was thought to have acute pancreatitis, and all had 
normal serum amylase values (40 to 160 Caraway units). 
Twenty-four-hour urinary amylase excretion was meas- 
ured during one of the first 3 days after admission in 
nine patients. 


Methods 


Serum cholesterol, triglycerides, phospholipids, and 
total lipids were determined by Bio-Science Laboratories. 
FFA levels were assayed by the titration method of Dole 
and Meinertz.?° Serum lipoprotein electrophoresis was 
carried out on paper as described by Lees and Hatch.” 
PHLA was determined by the method of Frederickson, 
Ono, and Davis.” Sera were tested for their inhibitory 
effect on the PHLA of normal subjects as follows. The 
PHLA activity of a normal subject was determined after 
adding 0.2 ml. of saline or 0.2 ml. of pre-heparin serum 
from test patients to the other components of the PHLA 
assay. Inhibition was calculated by comparing the effects 
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TABLE 1. Characteristics of Patients in Study and Control Groups 
| Race | Sex 
Average - ee 
Group No. Age B W Chinese M F 
Study 48 43 37 10. i 35 B 


Control 34 38 27 7 19 15 





of saline or patient’s serum on the release of FFA. In- 
hibition was considered significant when it was greater 
than 20%. 


Results 


Study Group. Ten patients (21%) in this series were 
noted to have lactescent serum on admission (Table 3). 
Serum amylase values were normal in eight and elevated 
in the remaining two patients (312 and 695 Caraway 
units) with lipemic serum. Both patients with elevated 
amylase values and lactescent sera died. In those pa- 
tients without lipemic serum, amylase values ranged 
from 260 to 2304 units. All ten patients with lactescent 
sera had markedly elevated serum triglycerides which 
ranged from 493 to 7520 mg./100 ml. An additional eight 
patients (nine admissions) who were not noted to have 
lactescent serum, had serum triglyceride levels that ex- 
ceeded 175 mg./100 ml. Thus, a total of 18 patients 
(38%) had elevated triglyceride levels on admission ( Fig. 
1), Eleven patients had elevated levels of total serum 
lipids (normal 1000 mg./100 ml.). Although this in- 
cluded all 10 patients with lactescent sera, total serum 
lipids were normal in seven of the eight patients with 
high serum triglycerides but without lactescent sera. 
Only four patients, all with lipemic sera, had serum 
cholesterol levels greater than 350 mg./100 ml. (363 to 
545 mg./100 ml.). Elevated serum phospholipids were 
present in nine patients. Seven of these patients had 
lactescent serum on admission, but the remaining two 
had normal serum triglycerides. 

FFA levels were elevated in 30 of 53 admissions 
(Fig. 2). PHLA levels were depressed on 38 admissions 
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TABLE 2. Diagnoses of Patients in Control Group 





Diagnosis Number 
Small Bowel Obstruction 12 
Acute Cholecystitis 6 
Acute Appendicitis 3 
Gastroenteritis 3 
Pyelonephritis 3 
Acute Diverticulitis 3 
Pelvic Inflammatory Disease 2 
Large Bowel Obstruction 1 
Abdominal Wall Abscess Í 


and normal on 15 admissions. These values bore no rela- 
tionship to lactescence or to serum triglyceride levels 
(Fig: 3). PHLA inhibition was measured on 50 admis- 
sions. Seventeen patients showed no inbibition of PHLA. 
However, on 33 admissions PHLA inhibition ranged from 
22 to 65%. Although these levels bore no consistent rela- 
tionship to serum triglyceride levels, inhibition was de- 
tected in eight of the nine hyperlipemic patients 
(Table 3). 

Lipoprotein electrophoretic patterns were done on all 
patients with acute pancreatitis and lipemic serum. In 
nine of these patients a type V pattern was present. 
One patient had only a very prominent chylomicron 
band, consistent with type I hyperlipoproteinemia. Sev- 
eral months after this patient had recovered from acute 
pancreatitis, repeat lipoprotein electrophoresis showed a 
typical type V pattern. Electrophoretic patterns were 
done on seven of the eight patients who had hyper- 
triglyceridemia, but not lipemic serum. Four had a type 
IV pattern, two had elevated chylomicrons (type I) and 
one had a normal pattern. Among the patients with acute 
pancreatitis and a normal serum triglyceride level, 24 
had normal electrophoretic patterns, 12 had decreased 
8-bands, and one had a serum cholesterol of 300 mg./100 
ml, and an electrophoretic pattern consistent with type 
II hyperlipoproteinemia. 

Control Group. No patient in the control group had 
lactescent serum on admission, but serum triglycerides 


TABLE 3. Data on the Ten Patients with Acute Pancreatitis and Hyperlipemia 


Serum PHLA PHLA Serum Urinary Amylase 
Triglyceride Ea FFA/ Inhibition Amylase (Cawaway Units 
mg./100 ml. Lipoprotein min./ml. % (Caraway Units) /24 hrs) 
Patient Age, Race, Sex (150 mg./ 100 ml.) Pattern (.25—.55) (0-20%) (40-160 u) (0-5000 u) 

J.-Y. 115 75 05 48 BM 1033 V .18 32 77 6849 
W.M. 14 20 93 50 WM 3515 V “ao 35 65 ame 
.B. 88 15 70 22 BM 4643 W 44 23 20 3680 
W.F. 77 94 58 37 BM 1104 I-V AT 0 62 4900 
L.L. 139 17 26 41 BF 2265 V .19 36 312 a 
J.B. 98 58 17 38 BM 7520 V .66 27 53 946 
B.M. 133 70 70 40 WF 2553 V .26 35 150 — 
E.S. 59 62 33 49 WM 493 V 22 64 53 — 
R.W. 135 58 20 21 WF 800 V .09 33 20 2574. 
D.C. 139 63 35 27 WF 2833 V — — - 695 = 
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were elevated in three patients (Fig. 1). Serum phos- 
pholipids were increased only in these three patients. 
Serum total lipids and cholesterol were each elevated in 
single patients. FFA levels were elevated in 15 of 33 
patients tested (Fig. 2). PHLA was normal in six pa- 
tients and depressed in 27 patients. The three patients 
with elevated triglycerides all had depressed PHLA 
(Fig. 3). No inhibition of PHLA was detected in 28 
patients, but inhibition ranging from 31 to 34% was found 
in three patients, Serum from three patients stimulated 
PHLA from 21 to 23%. 

Lipoprotein electrophoretic patterns were done on 33 
patients in the control group. The pattern was normal 
in seventeen patients. In another 13 patients there was 
decreased staining of the 8-band. This is consistent with 
the relatively low levels of serum cholesterol in many of 
these patients. One, for example, had a serum cholesterol 
of 84 mg./100 ml. In one patient the electrophoretic pat- 
tern and serum cholesterol value was consistent with type 
II hyperlipoproteinemia. One patient had a distinct pre 
B-band but normal levels of serum triglycerides, Serum 
triglycerides and the electrophoretic pattern were con- 
sistent with type V hyperlipaproteinemia in one patient. 

Discussion 

In an attempt to document the incidence of lipid 
abnormalities in acute pancreatitis, a consecutive series 
of patients was studied who met our established criteria 
for this diagnosis. Since a relatively high serum amylase 
level (greater than 250 Caraway units) was one req- 
uisite for inclusion into the study group, some patients 
with acute pancreatitis and minimal serum amylase ele- 
vations (160-250 Caraway units) may have been ex- 
cluded. A relatively high serum amylase was chosen to 
exclude patients with gastritis, cholecystitis and other 
abdominal diseases that can present with abdominal 
pain and minimal abnormalities of serum amylase. Since 
most patients with lactescent serum accompanying acute 
pancreatitis have normal serum amylase values,‘ the 
presence of lactescent serum was accepted in place of 
an elevated serum amylase for inclusion into the study. 
This criteria can be justified on the following grounds. 
Over the past 6 years the authors have carefully eval- 
uated 31 patients with abdominal pain and lactescent 
serum. Eight had elevated serum amylase values on ad- 
mission. Of the remaining 23, five patients had the 
diagnosis of pancreatitis confirmed at operation. Three 
additional patients had amylase elevations in fluid ob- 
tained ‘by peritoneal lavage, Five others developed serum 
amylase elevations as their lactescent serum cleared. At 
the time of discharge from the hospital, the diagnosis in 
all 31 patients was acute pancreatitis. From this experi- 
ence, we consider lactescent serum accompanying ab- 
dominal pain at least as accurate as an elevated amylase 
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in confirming the clinical diagnosis of acute pancreatitis. 

The reason for the normal levels of serum amylase 
in the presence of lactescent serum remains speculative. 
One explanation is a circulating inhibitor of amylase, 
possibly in the lipid fraction. Attempts to remove such 
an inhibitor in this laboratory by dilution or by dialysis 
have been unsuccessful. Early data suggested that in- 
creased levels of urinary amylase, despite normal serum 
levels, might provide diagnostic aid.* As seen in Figure 
4, however, in patients with lactescent serum urinary 
amylase values also tended to be low and overlapped 
the urinary amylase values of the control group. It is 
important to emphasize that serum amylase levels were 
elevated in all of the eight patients with acute pancre- 
atitis whose mild elevation of serum triglycerides was 
insufficient to cause lactescence. In addition, elevated 
levels of serum amylase despite lactescent serum may 
portend an unfavorable prognosis since both patients 
who presented in this manner underwent a fulminant 
course and died of acute pancreatitis, : 

In addition to the 10 patients with lactescent serum 
and markedly elevated serum triglycerides, eight others 
had moderate triglyceride elevations. The upper limit of 
normal for fasting serum triglycerides ranges from 135 
to 150 mg./100 ml. A value of 175 mg./100 ml. was 
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chosen as the upper limit of normal to eliminate border- 
line elevations, All but one patient with elevated triglyc- 
erides had serum levels in excess of 200 mg./100 ml. 
Because of abdominal pain, nausea and vomiting, all 
patients were fasting for at least 12 hours prior to blood 
sampling. The 19 admissions with triglyceride elevations 
represent 33% of admissions and 38% of all patients in the 
study group, Because lactescence is detected consistently 
only when serum triglycerides exceed 300 to 400 mg./100 
ml., lesser elevations are overlooked unless triglyceride 
determinations are obtained. Greenberger et al.*3 found 
only three patients (12%) with serum triglycerides 
greater than 200 mg./100 ml. in a consecutive series of 
25 patients with acute pancreatitis. Their series had a 
lower percentage of patients with pancreatitis related to 
alcohol ingestion. Pancreatitis was secondary to biliary 
tract disease in 40% of their patients; this could partly 
explain the different incidence of lipid abnormalities in 
the two series. However, triglyceride elevations were 
noted'in our study group in two of the nine patients 
with acute pancreatitis secondary to biliary tract disease. 
Possibly accounting at least in part for our high fre- 
quency of hyperlipemia in association with pancreatitis, 
is that two of the ten hyperlipemic patients had been 
followed here in the past with a type V lipoprotein pat- 
tern and who might otherwise have sought hospitaliza- 
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tion elsewhere for their acute attack of pancreatitis. 
Three patients in the control group had increased serum 
triglyceride levels. None was noted to have lactescent 
serum although one patient had a serum triglyceride 
level in excess of 700 mg./100 ml. Clinically, this patient 
was thought to have gastroenteritis. In retrospect, par- 
ticularly in view of the marked triglyceride elevation 
and his tvpe V electrophoretic pattern, acute pancreatitis 
was probably the correct diagnosis. This leaves two mod- 
erate triglyceride elevations among 33 control patients 
(62). : 

Total serum lipid determinations were usually not 
helpful in detecting moderate lipid abnormalities. In 
fact, determination of total serum lipids was no more 
valuable than gross inspection for lactescence. An in- 
crease in total serum lipids was present in only one of 
the eight patients with elevated serum triglycerides but 
non-lactescent serum. In most instances cholesterol and 
phospholipid elevations occurred in patients with 
lactescent serum. However, two patients with normal 
triglycerides and total lipids had slightly increased serum 
phospholipids. The significance of this is unknown. 

FFA elevations were present in 57% of the patients with 
acute pancreatitis. This was not significantly different 
from the incidence of FFA elevations in the control 
group (45%). FFA elevations can follow a variety of 
physiological stimuli, including starvation, catecholamine 
release, glucagon stimulation, and insulin deficiency." 
Many or all of these stimuli may have been present in 
both the study and control groups. Elevated FFA levels 
have been associated by others with the pathogenesis of 
cardiac arrhythmias** and the respiratory insufficiency 
accompanying fat emboli! There is no direct evidence 
from the present study, however, to incriminate elevated 
serum FFA levels specifically in pancreatic disease. 

Absent or decreased PHLA is a consistent finding in 
patients with type I hyperlipoproteinemia!! and has 
been described in some patients with acute pancreatitis 
and hyperlipemia.?.}* Fat induced hyperlipemia and re- 
current pancreatitis, however, have also been reported 
in a patient with normal PHLA levels.” In the present 
study 72% of the patients with acute pancreatitis and 
82% of the patients in the control groups had low PHLA 
levels. However, PHLA bore no relationship to the 
serum triglyceride level. The patient with the highest 
PHLA in the study group (.66,Eq FFA/min/ml) also 
had the highest serum triglyceride level (7520 mg./100 
mi.). The explanation for the low levels of PHLA in 
many patients from both groups is unclear. It should be 
pointed out that the values utilized to define the normal 
range for PHLA were obtained from a large published 
series'* rather than from a control group studied in our 
own laboratory, Part of the PHLA is hepatic in origin*® 
_and patients with liver disease commonly have low 
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PHLA in their serum??? This would not explain the 
frequency of reduced PHLA in our control group pa- 
tients who generally did not have a strong history of 
alcohol excess. From this study it appears that non- 
specific depression of PHLA may accompany many acute 
abdominal illnesses. The results further indicate that 
reduced PHLA by itself cannot explain the hyperlipemia 
associated with acute pancreatitis. 

Kessler et al.!® reported the presence of an inhibitor 
of PHLA in the plasma of a patient with hyperlipemia 
and pancreatitis. In the present study the PHLA otf 
normal subjects was inhibited much more frequently 
(66%) by preheparin plasma from patients with acute 
pancreatitis than by preheparin plasma from members 
of the control group (10%). However, there is little to 
suggest that the hyperlipemia is secondary to inhibition 
of PHLA since there was no correlation between PHLA 
inhibition and the degree of triglyceride elevation. 

Lipoprotein electrophoresis showed that chylomicrons 
were present in the serum of all patients with acute 
pancreatitis and hyperlipemia. Each of these patients 
had a type V pattern except for one who had a type I 
pattern on admission with pancreatitis, but had a type V 
‘pattern several months later. These results suggest that 
patients with the type V pattern are especially prone to 
develop acute pancreatitis or that prolonged chylomicro- 
nemia may trigger pancreatitis, Alternatively, the pres- 
ence of chylomicrons may only reflect the severity of the 
triglyceridemia with the resultant saturation of clearing 
mechanisms for endogenous fats. Studies in progress, on 
the persistence of the hyperlipemia in these patients, may 
provide better understanding of the relationship between 
the elevated serum lipoproteins and pancreatitis. 

It is difficult to interpret the lipoprotein abnormali-ies 
in the patients with pancreatitis and increased tri- 
glycerides, but without lactescent sera. It is possible that 
hyperlipemia triggered pancreatitis in these patients as 
well, but that they sought medical attention later in the 
course of their illness, at a time when the lipid values 
had returned nearly to normal. Thus, the four patients 
with a type IV pattern might have shown chylomi- 
cronemia if tested a few days earlier. 

Most of the normolipemic patients from both groups 
had normal lipoprotein electrophoretic patterns. A sur- 
prisingly large number of patients had poorly staining 
B-bands associated with low serum cholesterol levels, 
These findings suggest that acute intra-abdominal illness 
may frequently lead to a substantial reduction in 
serum cholesterol and f-lipoprotein levels. 

The data from this study suggest that lipid abnormali- 
ties are common in acute pancreatitis, It is possible that 
the two conditions coexist, but are not related etiologi- 
cally. Since both elevated serum triglycerides!®** and 
pancreatitis can result from prolonged alcohol ingestion, 
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the two may occur together just coincidentally. Experi- 
mentally both hyperlipemia and the histologic changes 
of chronic pancreatitis can be produced by chronic 
alcohol administration in dogs. However, alcohol had 
not been ingested in at least two of the ten hyperlipemic 
patients, and in at least two of the eight patients with 
elevated triglycerides but without lactescent serum. 
Therefore, the association between lipid abnormalities 
and pancreatitis cannot in every instance be just a co- 
incidental one related to alcohol ingestion. Experimental 
studies have documented triglyceride elevations, and in 
some instances hyperlipemia, following the induction of 
acute pancreatitis in animals.*.?7 In addition, in most 
patients with hyperlipemia and acute pancreatitis, the 
lactescent serum clears as the pancreatitis subsides. Also, 
most patients with pancreatitis and hyperlipemia have 
no past history or family history of lipid disorders. These 
points favor the thesis that pancreatitis is the primary 
disease and that the hyperlipemia is secondary. On_ the 
other hand, patients with familial type I or type V hyper- 
lipoproteinemias have recurrent bouts of abdominal pain 
that probably represent episodes of pancreatitis.’ All 
patients with lipemic serum and acute pancreatitis in our 
series had either a type I or type V electrophoretic pat- 
tern, In the type I and V familial diseases, the episodes 
of pancreatitis decrease or stop if triglyceride levels are 
significantly lowered.1:"1 Eight of the ten hyperlipemic 
patients in the present study were restudied on a meta- 
bolic ward after a period of at least 6 weeks had elapsed 
following hospitalization for acute pancreatitis. Each 
patient was stressed with alcohol, carbohydrate, and lipid 
loads. Lipid transport was abnormal in all eight patients. 
During the tests one patient developed abdominal pain 
radiating through to her back, probably representing 
mild pancreatitis, when her triglyceride level rose to 3000 
mg./100 ml. Presumably lipid metabolism should have 
been normal in these patients six weeks following their 
episode of pancreatitis, if their initial hyperlipemia had 
been secondary to pancreatic disease, These data will be 
reported subsequently in detail. 

_ Massive elevations of serum triglycerides could cause 
or predispose to acute pancreatitis by several mecha- 
nisms. Havel! proposed that pancreatic lipase, presum- 
ably present in high concentration in pancreatic capil- 
laries and lymphatics, may produce rapid hydrolysis of 
the triglyceride component of circulating chylomicrons. 
This would lead to locally high concentrations of FFA 
that could cause microthrombi in pancreatic capillaries 
with resultant tissue ischemia, or could exert direct toxic 
effects on acinar cells. Alternatively, the attack on chylo- 
microns could clump these large particles and thus 
produce capillary occlusion. Animal studies have dem- 
onstrated that diets high in lipids predispose to pancre- 
atitis.415 These studies showed that the increased 
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susceptibility was not related to changes in the quantity 
or quality of pancreatic secretions, and it was suggested 
that the integrity of acinar cell membranes was influ- 
enced by the diet. Possibly acinar cells are more sus- 
ceptible to injury when exposed to high levels of serum 
lipids. In such a situation elevated serum triglycerides or 
FFA would not actually initiate pancreatic inflammation, 
but rather would create an environment that enhanced 
the toxic effects of some other agent. Since ethanol inges- 
tion can raise serum triglycerides, it is possible that 
alcoholic intake and pancreatitis are related through this 
mechanism. 

It appears clear from this study that lipid abnormali- 
ties are frequent in acute pancreatitis and that this asso- 
ciation is more than coincidental. There is some experi- 
mental evidence in animals to suggest that lipid 
abnormalities can be secondary to inflammatory pancre- 
atic disease. However, it seems likely from our data and 
from other work that in some instances in humans lipids 
play an intermediary role in the pathogenesis of acute 
pancreatitis. 


Summary 


In order to document the incidence of lipid abnormali- 
ties, lipid metabolism was studied in 48 consecutive 
patients with acute pancreatitis. Results were compared 
to 34 patients with abdominal pain, but without acute 
pancreatitis, used as controls. Ten patients (21%) with 
acute pancreatitis had lactescent serum; their triglyceride 
levels ranged from 493 to 7520 mg./100 ml. An addi- 
tional eight patients (17%) with acute pancreatitis had 
elevated triglyceride levels ranging from 186 to 551 
mg./100 ml., but did not have lactescent serum. None 
of the controls had lactescent serum but 9% had tri- 
glyceride elevations. Decreased post heparin lipolytic 
activity (PHLA), and PHLA inhibition were detected in 
both groups of patients, but neither bore a consistent 
relationship to triglyceride levels. Lipoprotein electro- 
phoresis demonstrated that all patients with lactescent 
serum and acute pancreatitis had either a type I or type 
V pattern. Possible mechanisms by which lipid abnor- 
malities and acute pancreatitis might be related are 
discussed. 
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Hemorrhage from Cecal Ulcers of Cytomegalovirus Infection: 


YTOMEGALOVIRUS (CMV) infection has been asso- 
ciated with a spectrum of clinical manifestations 
from inapparent infection to disseminated fata] disease.’® 
Karly accounts considered primarily congenital cyto- 
megalic inclusion disease (CID) of the newborn.’7-? In 
recent years CMV infection has been noted in immuno- 
logically deficient patients as in leukemia or following 
immunosuppression, following blood transfusion, and in 
otherwise healthy adults.’° Fever and splenomegaly have 
been the most frequent manifestations, but pneumonitis, 
gastrointestinal tract involvement, hepatitis, and hemo- 
lytic anemia also occur. A 67-year-old man who de- 
veloped gastrointestinal hemorrhage from cecal ulcera- 
tions due to cytomegalovirus infection is the subject of 
the present report. 


Case Report 


A 67-year-old man was admitted to the emergency room of 
St. Louis University Hospital on October 18, 1968, following an 
accident in which he was struck by an automobile. Initially he 
had no obtainable blood pressure, but he responded satisfactorily 
to rapid infusion of two liters of balanced electrolyte solution 
and one unit of blood followed by slow infusion of two addi- 
tional units of blood. Evaluation revealed a comminuted fracture 
of the left tibial plateau, fracture of both rami of the right pubic 
bone and the right ileum at the sacroiliac joint, and fractures 
of the transverse processes of the third, fourth and fifth lumbar 
vertebrae. Initial hematuria cleared and an intravenous pyelogram 
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and a cystogram showed only displacement of the bladder by an 


apparent pelvic hematoma. 

Past history at the time of admission revealed that the patient 
had no known medical problems such as previous operations or 
serious illnesses. Symptoms referable to the gastrointestinal tract 
were specifically denied. 

The patient’s primary problem during the ensuing 6 davs was 
persistent paralytic ileus which was felt to be secondary to retro- 
peritoneal hematoma and was treated with a long intestinal tube. 
One week after the accident he developed tachypnea and fever 
of 104°F. associated with right chest pain. Evaluation suggested 
pulmonary embolus or pneumonitis and treatment with heparin. 
and antibiotics was begun. The patient also received his fourth 
and fifth units of blood at that time. During the second week of 
hospitalization the pulmonary symptoms cleared but two addi- 
tional units of blood were necessary. The site of bleeding was 
unknown (stools were negative for occult blood) and the heparin 
was discontinued. 

Two and one half weeks after admission the patient passed 
two bloody stools. The long intestinal tube which had been in 
place 8 days, was removed and an eighth unit of blood was given. 
The stools converted to negative for occult blood and upper and 
lower gastrointestinal barium studies were normal. One month 
after injury gastrointestinal bleeding recurred and became pro- 
fuse, requiring ten units of blood over 24 hours. No blood could 
be aspirated from the stomach and sigmoidoscopy was not 
remarkable except for the presence of ‘clots. Arteriography failed 
to demonstrate the site of bleeding, and after eight more units 
of blood were infused rapidly the patient underwent abdominal 
exploration. At operation the cecum appeared moderately inflamed 
and it filled with blood after occlusion of the lumen of the 
terminal ileum and the ascending colon with clamps. A right — 
hemicolectomy was done. 

Postoperatively the patient responded poorly, primarily due to 
progressive pulmonary insufficiency. Chest X-ray showed patchy 
infiltrates and the temperature rose to 105°F. The patient failed 
to respond to all therapeutic means including antibiotics, trache- 
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ostomy and ventilatory assistance and died on the ninth post- 
operative day. 

During the critical period of the patient’s course, leucocytosis 
with granulocytosis was persistent and atypical mononuclear cells 
were not seen regularly or in significant numbers. Sputum cytology 
showed atypism compatible with virus effect; sputum culture 
yielded enterococci, Escherichia coli, and Herellea. The three 
units of blood given initially (1 month prior to profuse cecal 
bleeding) were stored from 1 to 3 days. The remainder of the 
blood given 2 to 3 weeks prior to the onset of cecal bleeding had 
been stored from 3 to 12 days. 


Pathology 


Surgical Specimen: Several irregular shaped ulcers of 
the cecum were found (Fig. 1). The largest measured 
2 Xx 6 cm., but most were about 1 cm. in diameter. The 
borders of the ulcers were sharp and the adjacent mucosa 
was intact. Microscopic examination showed extension 
of the ulcers into the muscularis with surrounding acute 
and chronic inflammatory cells. Nuclear and cytoplasmic 
inclusions characteristic of cytomegalovirus infection 
were observed in epithelial cells at the edges of the 
ulcers and in the cells in their bases (Fig. 2). Inclusions 
were also prominent in the endothelial cells of adjacent 
blood vessels. Cultures for pathogenic bacteria were 
negative and special stains for protozoans were also 


Fic. 2. Photomicrograph 
of the edge of a cecal 
ulcer with inclusion con- 
taining cells characteris- 
tic of cytomegalovirus in- 
fection. 
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Fic. 1. Cecal ulcers in surgical specimen. 


negative. The intact mucosa showed scattered inclusion 
cells in the epithelium. 

Postmortem Examination: Moderate pulmonary edema 
and atelectasis of both lower lobes of the lung were 
noted. In addition there was a right lower lobe pul- 
monary infarct consistent with a 4-week interval. Micro- 
scopic evidence of both bacterial and viral pneumonitis 
was present, and it could not be stated which had been 





Fic. 3. Multiple elongated 
esophagus. 


the primary agent. The esophagus had several long, 
punched out mucosal ulcerations as long as 6 cm. in 
length and 4 to 8 mm. in width (Fig. 3). Two 1 cm. 
ulcers were also present in the stomach. Inclusion laden 
cells were present in the bases of all of these ulcers. 
The remainder of the gastrointestinal tract was normal 
except for the finding of scattered inclusions in the resi- 
dual colonic smooth muscle cells. The salivary glands 
and adrenal medulla also contained inclusion cells. The 
spleen was enlarged (350 Gm.) but otherwise unre- 
markable. 


Viral Studies (Table 1) 


Urine was collected from the patient 7 days after 
operation and 0.1 ml. was inoculated into two WI-38 
(diploid, human, embryonic, lung fibroblasts) tissue 
culture tubes, Cultures were incubated in a roller drum 
(15 revolutions/hr) at 35°C and examined for cyto- 
pathic effect (CPE) three times per week. By the tenth 
day both urine culture tubes had the characteristic CPE 
of cytomegalovirus infection. 

Approximately 2% months after the patient's hospitali- 
zation, blood specimens were aseptically collected from 
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three of the blood donors for attempted CMV isolation. 
Heparinized specimens were collected and allowed to 
stand for 2 hours at 35°C. The leukocyte-rich plasma 
was separated, centrifuged and the leukocyte concen- 
trate resuspended in Eagle's basal medium. Five 0.1 ml. 
aliquots of each were cultured in WI-38 cells, and these 
were observed for 36 days; no evidence of CMV infec- 
tion was noted (Table 1). 

Serum was collected from the patient and six blood 
donors for CMV complement fixation (CF) antibody 
titer determinations.t As noted in the table, the patient 
had no measurable CF antibody titer to CMV whereas 
three of the six blood donors had titers. 


Discussion 


Infection with CMV is common as the majority of 
adults have demonstrable antibody titers, but in con- 
trast clinical illness is only occasionally recognized.’ 

Cytomegalovirus infection involving the gastrointes- 
tinal tract is uncommon. Scattered inclusion cells in the 
GI tract without gross lesions have been described in 
asymptomatic patients and in patients with diarrhea.!* 
In two infants with CID, in whom gross gastrointestinal 
lesions were not demonstrated, there was no other ex- 
planation for persistent sometimes bloody diarrhea."* In- 
clusions have also been reported in the colonic mucosa 
of patients with chronic ulcerative colitis.1°!8 The role 
of viral infection in cases with such inclusions is un- 
known. 

Hartz and van de Stadt,’ in 1943, reported the case of 
a small ulcerated anal tumor in a 43-year-old woman. 
“Protozoan like cells” similar to those seen in rodent 
salivary gland virus infection were present in the granu- 
lation tissue of the bases of the ulcers and in the sub- 
endothelial layer of adjacent blood vessels. These authors 
also mentioned similar findings in four cases of gastric 
ulcers and in one case of esophageal ulcer. In 1950, 
Hartz® reported two additional cases: a 45-year-old 
woman who died of intestinal hemorrhage and at au- 
topsy was found to have several flat ulcers of the cecum 


a eee eee es 
t Performed by Microbiological Associates, Inc., Bethesda, Md. 


TABLE 1. Virologic and Serologic Study of Patient and Six Blood Donors 
CMV Viral Isolation CMV Antibody 
Category Date Specimen Result Date CF Titer* 

Patient 11-26-68 Urine es 11-26-68 <4 
Blood Donor #1 2-6-69 Leukocytes — 2-6-69 <4 
Blood Donor #2 2-6-69 Leukocytes — 2-6-69 16 
Blood Donor #3 2-6-69 Leukocytes — 2-6-69 4 
Blood Donor #4 2-6-69 <4 
Blood Donor #5 2—19—69 64 

2-19-69 <4 


Blood Donor #6 
a a eel i A a A A IAAL ADR A 


* Expressed as reciprocal of serum dilution 
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with inclusions in the bases of the ulcers and adjacent 
blood vessels, and a 70-year-old man with similar ul- 
cerations of the esophagus. He compared his cases with 
instances of inclusion disease in infants and found them 
to be morphologically identical. 

Evans and Williams® reported a patient with systemic 
lupus erythematosis and severe diarrhea who at post- 
mortem examination had cecal ulcers of CID. Other 
reports of colon ulcers with identical histologic features 
have also been reported.*'7 Similar ulcers have been 
described in the small bowel!210.20 and the anus.!2 
Wyatt et al.” reported a 4-week-old infant with pneu- 
monitis and progressive bloody diarrhea requiring trans- 
fusion who was found at postmortem examination to 
have generalized CID with several mucosal erosions of 
the ileum. Inclusions were seen in the adjacent Peyer’s 
patches. Samoklin et al.’ reported three patients less 
than 3 months of age; two died of perforated colonic 
ulcers due to CMV and the third had ulcers of the 
esophagus and stomach. 

The diagnosis of CMV infection in the case reported 
here is based on the generalized findings of the typical 
inclusion cells and the isolation of the virus from the 
urine. The ulcerations of the cecum and esophagus were 
grossly and microscopically identical to the characteristic 
findings in previously reported cases and cannot be ex- 
plained on any other basis. The respiratory failure which 
was the patient’s immediate cause of death may have 
been primarily due to bacterial rather than viral pneu- 
monitis, but respiratory deterioration was not progressive 
until the time of massive GI bleeding and operation. It 
is, therefore, felt that this case represents fatal general- 
ized CMV infection complicating trauma in a previ- 
ously healthy patient. 

The source and pathogenesis of CMV infection in this 
patient is unknown. Antibody studies of others have 
shown the prevalence of CMV in human populations; 
the majority of human infections are inapparent.!® Dis- 
ease could result from either activation of latent virus 
or new infection. Since the present patient had no dis- 
cernible CMV CF antibody, it would seem likely that 
the illness was the result of acute exogenous infection 
rather than activation of latent viral infection. In herpes 
simplex and zoster eruptions, which are activated latent 
infections, the antibody titers are always high when the 
illness is present.7!6 The most likely source of infection 
would seem to be fresh transfused blood.+13 In this 
regard Diosi et al* recovered CMV from the fresh 
peripheral blood of two of 35 donors examined. Our 
attempt to isolate CMV from the leukocytes of three 
blood donors was unsuccessful, but unfortunately about 
2 months had elapsed since the time of transfusion. 
Since three of the six donors studied had antibodies, it 
is possible that one may have had recent infection with 
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leukocyte associated viremia at the time of blood do- 
nation. 

The present case and similar illnesses in patients who 
might otherwise be expected to recover completely ( pa- 
tients without malignancy and immune defects, etc. ) 
may be of more than academic interest. It has been 
demonstrated that herpes group viruses are sensitive to 
several antiviral agents and therapy with these agents 
in some illnesses has been successful.*°"! If a rapid 
diagnosis could be obtained, patients similar to that 
presently reported would seem to be ideal candidates 
for antiviral therapy. 


Summary 


Symptomatic CMV infection in adults is most fre- 
quently associated with immunologic deficiency or blood 
transfusion but may occur in otherwise healthy indi- 
viduals. Gastrointestinal involvement is rare but occurs 
in a typical pattern of small ulcers anywhere from the 
esophagus to the anus. The ulcers generally extend to 
the submucosa and histologically show inclusion laden 
cells at their bases and in adjacent blood vessels. Hemor- 
rhage from these lesions may be severe. Such a case is 
reported. Pathogenesis and therapy of CMV infections 
are discussed. 
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lravase’ Uintment brand ot Sutiains 


APPLICATION TECHNIQUE: TRAVASE Ointment is indicated as an adjunct 
to established methods of wound care for biochemical debridement. It 
dissolves and facilitates the removal of necrotic tissues and purulent 
exudates. 

TRAVASE enzymes are selective. Virtually inactive on viable tissue. 


When this recommended nursing technique is followed without deviation, 
this procedure can generate visible improvement within 48 hours... 





(Ulcer being irrigated) Thoroughly soak the wound With a sterile cotton swab or 
Thoroughly cleanse and area. Where practical, tubbing finger cot, apply a very thin 
irrigate the wound area using or showering is suitable. Or layer of TRAVASE Ointment. 
only sterile water or sodium wet soaks with gauze pads The ointment spreads easily 
chloride solution. Be sure to may be used. Remember to and only a small amount is 
cleanse the wound of any avoid chemical cleansing needed (a small dab of 
antiseptics or heavy-metal agents which may interfere ointment will cover an area 
antibacterial agents which with the therapy. as big as the back of a hand). 
may interfere with the Be sure, though, to rub the 


enzyme activity. 


ointment well into every crack 
or crevice of the wound and 
overlap the surrounding skin 
one-fourth to one-half inch 
beyond the area to be 
debrided—to be sure of 
complete coverage. 






Apply loose, wet dressings, Cover the moist dressings When changing dressing, 
thoroughly soaked in sodium with an occlusive wrap gently wipe away the 
chloride solution or sterile (Saran wrap, Telfa Pads, or dissolved material. Repeat the 
water to the area to be other plastic wrappings) to complete dressing procedure, 
debrided only. keep wound site moist. Do not including application of 
extend occlusive wrap over TRAVASE Ointment, four 
Y2 inch beyond area to times daily. 
be debrided. 


The ulcer shown in these photos is simulated on a model in order to demonstrate 
the correct TRAVASE application technique. 
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To: FLINT LABORATORIES 
Division of Travenol Laboratories, Inc. 
200 Wilmot Road 
Deerfield, Illinois 60015 
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Please send: 
___ Additional Information on TRAVASE® Ointment (brand of Sutilains) 


In-service training program 





Comment 





DESCRIPTION: TRAVASE® (brand of sutilains) Ointment is a sterile 
preparation of proteolytic enzymes, elaborated by Bacillus subtilis, in 
hydrophobic ointment base consisting of 95% white petrolatum and 5' 
polyethylene. One gram of ointment contains approximately 82,000 ca: 
units* of proteolytic activity. 


ACTION: TRAVASE Ointment selectively digests necrotic soft tissues | 
proteolytic action. It dissolves and facilitates the removal of necrotic 
tissues and purulent exudates that otherwise impair formation of 
granulation tissue and delay wound healing (4). 


At body temperatures these proteolytic enzymes have optimal activity 
the pH range from 6.0 to 6.8. 


INDICATIONS: For wound debridement (1,2)—TRAVASE Ointment is 
indicated as an adjunct to established methods of wound care for 
biochemical debridement of the following lesions: 


Second and third degree burns, 

Decubitus ulcers, 

incisional, traumatic, and p nic wounds, 
Ulcers secondary to peripheral vascular disease. 


CONTRAINDICATIONS: Application of TRAVASE (brand of sutilains) 
Ointment is contraindicated in the following conditions: 


Wounds communicating with major body cavities, . 
Wounds containing exposed major nerves or nervous tissue, 
Fungating neoplastic ulcers, 


Wounds in women of child-bearing potential—because of lack of 
laboratory evidence of effects of TRAVASE upon the developing | 


Do not permit TRAVASE Ointment to come into contact w 
the eyes. In treatment of burns or lesions about the head or neck, shi 
the ointment inadvertently come into contact with the eyes, the eyes | 
be immediately rinsed with copious amounts of water, preferably ster 


PRECAUTIONS: A moist environment is essential to optimal activity € 
enzyme. Enzyme activity may also be impaired by certain agents. In | 
several detergents and antiseptics (benzalkonium chloride, 
hexachlorophene, iodine, and nitrofurazone) may render the substrate 
indifferent to the action of the enzyme (3). Compounds such as thime 
containing metallic ions interfere directly with enzyme activity to a 
slight degree, whereas neomycin, sulfamylon-streptomycin, and penic 
do not affect enzyme activity. In cases where adjunctive topical thera 
has been used and no dissolution of slough occurs after treatment wi 
TRAVASE Ointment for 24 to 48 hours, further application, because o 
interference by the adjunctive agents, is unlikely to be rewarding. 


In cases where there is existent or threatening invasive infection, 
appropriate systemic antibiotic therapy should be instituted concurre! 


Although there have been no reports of systemic allergic reaction in 
humans, studies have shown that there may be an antibody response 
humans to absorbed enzyme material. 


ADVERSE REACTIONS: Adverse reactions consist of mild, transient p 
paresthesias, bleeding and transient dermatitis. Pain usually can be 
controlled by administration of mild analgesics. Side effects severe 
enough to warrant discontinuation of therapy occasionally have occu 


If bleeding or dermatitis occurs as a result of the application of TRA 
(brand of sutilains) Ointment, therapy should be discontinued. No sy! 
toxicity has been observed as a result of the topical application of 
TRAVASE Ointment. 


Dosage and Administration 


STRICT ADHERENCE TO THE FOLLOWING IS REQUIRED FOR EFFI 
RESULTS OF TREATMENT 


1. Thoroughly Cleanse and Irrigate Wound Area with sodium c 
or water solutions. Wound MUST be cleansed of antiseptics 
heavy-metal antibacteiials which may denature enzyme or al 
substrate characteristics (e.g., Hexachlorophene, Silver Nitr, 
Benzalkonium Chloride, Nitrofurazone, etc.). 


2. Thoroughly moisten wound area either through tubbing, sho 
or wet soaks (e.g., sodium chloride or water solutions). 


3. A ply TRAVASE Ointment in a thin layer assuring intimate € 
with necrotic tissue and complete wound coverage extendin 
Y% to V2 inch beyond the area to be debrided 


4. Apply loose wet dressings. 
Repeat entire procedure 3 to 4 times per day for best result 


How Supplied 

3P3002 TRAVASE Ointment is supplied sterile in one-half ounce tı 
(14.2 g.) containing 82,000 casein units of sutilains per gri 
hydrophobic ointment base. 


The ointment must be stored under refrigeration at 2° to 10° C 
(35° to 50° F). 
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*A casein unit is the amount of enzyme required to produce the sat 
optical density at 275 mg as that of a solution of 1.5 mcg. tyrosine 
after hm enzyme has been incubated with 35 mg. of casein at 37° 
one minute. 
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Hypotension and Release of Kinin-Forming Enzyme 
into Ascitic Fluid Exudate during 
Experimental Pancreatitis in Dogs 


KATSUSUKE SATAKE, M.D., JOLAN S. ROZMANITH, Ph.D., 


HUBERT E. APPERT, Ph.D., JORGE CARBALLO, M.S., JOHN M. HOWARD, M.D. 


YPOTENSION Is an infrequent but severe complica- 
tion of acute pancreatitis. A question remains as 
to whether the hypotension is a systemic manifestation 
resulting from the entry of pancreatic enzymes or toxins 
of pancreatic exudate into the circulation or whether the 
hypotension is the result of loss of plasma into the local 
inflammatory exudate in and around the pancreas. Clin- 
ical and experimental evidence has suggested that hypo- 
calcemia,” oligemia® and circulating serum trypsin! #412. 
14,16-20.23.26 might be responsible for the vascular col- 
lapse. Much of the literature!.*4.27° has dealt with the 
hypothesis that circulating trypsin is toxic because it 
activates the plasma kallikreinogen-kininogen system. 

Previous studies from this laboratory’? have suggested 
that although trypsin may be one of the hypotensive 
factors, other proteins in pancreatic juice may have 
hypotensive effects. Ofstad, et al.1-21 reported that pan- 
creatic exudate releases histamine from mast cells, and 
that the histamine may be a factor in the causation of the 
hypotension. 

The purpose of the current investigation has been to 
compare the hypotensive effects of intravenously admin- 
istered pancreatic juice with that of the exudative fluid 
formed during bile-induced pancreatitis in the dog; the 
hypothesis being that the leakage of pancreatic juice into 
the peritoneal cavity results in a greater release of kinin- 
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forming enzyme than is present in the pancreatic juice 
itself. 

In order to test this concept the kinin-forming activity 
of pancreatic juice was compared with that of the exuda- 
tive fluid which accumulates during acute pancreatitis. 
Previous studies*? have indicated that the escape of 
pancreatic juice into the circulation could not explain 
the profound hypotension observed during severe acute 
pancreatitis, 


Material and Method 


Normal pancreatic juice was collected from dogs 
through a glass cannula in the pancreatic duct inserted 
through a chronically implanted Thomas cannula in the 
duodenum. Subsequently, this juice was injected intra- 
venously into other dogs according to the methods pre- 
viously described.® 

In other experiments, pancreatitis was induced by the 
injection of autologous bile (0.5 ml./Kg.) into the main 
pancreatic duct. The exudate was collected from the 
peritoneal cavity 3 hours after the induction of pan- 
creatitis, and was injected intravenously into a second 
dog. 

All infusions were made with the recipient dog under 
light sodium pentobarbital anesthesia. The mean arterial 
pressure was monitored from the femoral artery via a 
polyethylene catheter connected to a Sanborn pressure 
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Fıc. 1. Typical recording of blood pressure and blood flow after 
homoinfusion of normal pancreatic juice. Each major division 
represents 2 seconds. 


transducer and recording system. Flow in the portal vein 
and in the abdominal aorta (above the renal arteries) 
was measured by a Biotronex Laboratory Model BL-610 
pulsed-logic flowmeter. 

Bradykinin in ascitic fluid and in normal pancreatic 
juice was measured according to the method of 
Talomo.?? Ascitic fluid was withdrawn in disposable 
plastic syringes containing 3.6 M hexadimethrine and 9 
mg. disodium ethylene-diamine-tetracetic acid E.D.T.A. 
Na») in 0.1 ml. of 0.15 M saline for each 9 ml. of samples. 
Pancreatic juice was collected directly into a plastic tube 
containing these materials. Samples were centrifuged 
immediately at 1000 g for 5 minutes at 4° C in the 
plastic tube. Aliquots of 2 ml. of supernatant were trans- 
ferred with siliconized glass pipettes into plastic tubes. 
Protein was precipitated with 0.1 ml. of 20% trichloracetic 
acid. The tubes were then centrifuged at 1800 g for 5 
minutes at 4° C. The supernate was decanted into a 
plastic tube. The precipitate was suspended in 1 ml. 
0.9% trichloracetic acid and centrifugated again at 1800 g 
for 5 minutes. The supernates were combined and pH 
adjusted by the drop wise addition of 0.1 N NaOH to 
3.5 to 4.0. The combined supernates were applied to a 
4 x 0.5 cm column of Amberlite IRC-50 resin prepared 
in 0.1 N acetic acid. The sample was dried completely 
under reduced pressure, and subsequently determined 
for bradykinin by radioimmunoassay”? and bioassay. 

Kinin forming enzymes in normal pancreatic juice and 
ascitic fluid were measured using a substrate prepared 
according to the method of Jacobsen.’ Bradykinin re- 
lease by kinin-forming enzymes was measured largely by 
bioassay on rat uterus muscle. The uterine horn of a 
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virgin female rat, weighing between 150-175 Gm. was 
employed in the muscle bath. The isotonic contraction 
of the muscle was recorded with a smoked drum 
kymograph. Synthetic bradykinin (BRS 640) supplied 
by Sandoz, Basel, Switzerland, was used as a standard. 
The Tyrode’s solution contained 1 mg./ml. atropine sul- 
fate and 1 mg./ml. of 1-methyl-d-lysergic acid butanol- 
amide (UML-491) which is an anti-serotonin agent 
(Sandoz Pharmaceutical ). 

Enzyme analyses of pancreatic juice and ascitic fluid 
included amylase (Somogyi units), lipase ( Cherry- 
Crandall units) and trypsin and trypsinogen (hydro- 
hysis of benzol-DL-arginine p-nitroanilide (BAPA sub- 


strate ).° 


Specific Groups and Results 


Group I: Homoinfusion of Normal Pancreatic Juice. 
Twelve homoinfusion experiments were performed on 
12 recipient dogs weighing approximately 20 Kg. each. 
Pancreatic juice was infused intravenously in an amount 
totaling 50 ml. in each experiment. Each injection re- 
quired approximately 10 seconds. The type of record- 
ings obtained, which is typical of this series of experi- 
ments, is shown in Figure I. The mean arterial pressure 
and blood flow in the abdominal aorta and portal vein 
before, during, and after the infusion of pancreatic juice 
are shown in Figure 2. After each injection, a drop in 
mean arterial pressure, ranging from 14% to 50% of the 
preinfusion level, (mean 43.1% = 4.1% S.E.) occurred 
after a mean latent period of 27.9 seconds (+2.5 S.E.) 
The blood pressure returned rapidly, within 20-200 sec- 
onds, to its control preinfusion levels. 

After each injection, the blood flow in the aorta 
increased; the increment ranging 7—46% of the preinfu- 
sion flow with a mean increment of 33.4% ( 3.4 S.E.). 
This increment in flow occurred after a mean latent 
period of 27.3 seconds (+2.1 S.E.). Within 50 to 100 
seconds, the blood flow in the aorta was back to its 
control level. 

Flow in the portal vein also increased, the increment 
ranging 14% to 50% of the control flow with a mean of 
20.5% (+5.2 S.E.). This increased flow began after a 
mean latent period of 75.5 seconds (+7.0 S.E.). Within 
80 to 120 seconds the portal flow returned to its pre- 
infusion levels. 

Group II: Infusion of Ascitic Fluid. Eight infusion 
experiments were performed on eight recipient dogs. 
The enzymes and bradykinin levels were measured in 
the infused fluid. Ascitic fluid, collected three hours after 
induction of pancreatitis, was infused intravenously in 
an amount of 50 ml. in each experiment as in the pre- 
vious experiments. 

The mean arterial blood pressure and the flow in the 
aorta and portal vein are shown in Figure 3. A drop of 
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mean arterial pressure occurred after injection, ranging No bradykinin nor active trypsin could be found in 
from 4% to 52% of the control values, with the mean normal pancreatic juice. Kinin-forming enzymes, how- 
drop being 28.7% (+4.9% S.E.) after a mean latent ever, were found in normal pancreatic juice, ranging 
period of 28.5 (+3.0 S.E.) seconds. The mean flow in from 1.3 to 43 ng/ml., with a mean level of 13.7 ng/ml. 


the aorta and portal vein increased 28.3% (+6.2% S.E.) (+4.8 S.E.) (Table 1). 
and 44.7% (+8.9% S.E.) respectively. The volume of ascitic fluid collected three hours after 
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TABLE 1. Kinin-forming Enzymes in Pancreatic Juice 
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the induction of pancreatitis ranged between 350-700 
ml., with a mean of 475 ml. (+36.6 S.E.) (Table 2). 
Amylase, lipase, and trypsinogen were present in high 
concentrations, but trypsin was detectable in only three 
instances. Bradykinin levels ranged between 0.3-2.4 
ng/ml. with a mean of 0.99 (+04 ng/ml. S.E.). Since 
50 ml. of ascitic fluid was infused into each dog it could 
be calculated that the amount of bradykinin infused 
(mean) was 49.5 ng. The level of kinin-forming enzyme 
ranged between 6.5-59 ng/ml., with a mean of 31.4 
(+5.4 ng/ml. S.E.). The total (mean) amount of kinin- 
forming enzyme infused into each dog consequently was 
equivalent to 1570 ng of bradykinin. 


Discussion 


As mentioned earlier, much of the literature has dealt 
with speculation as to whether circulating trypsin is a 
toxic factor in acute pancreatitis, resulting in liberation 
of vasoactive substances through the plasma kallikre- 
inogen-kininogen system, Previous studies in this lab- 
oratory®’? demonstrated that the recipient dogs could 
tolerate large amounts of trypsin or normal pancreatic 
juice given intravenously, repetitively, over periods as 
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long as 2 to 3 months. As a result of these investigations, 
it was suggested that the hypotension of acute pancre- 
atitis is probably not primarily the result of the absorp- 
tion of normal pancreatic juice or of trypsin. 

The present study has confirmed that the intravenous 
infusion of normal pancreatic juice in healthy dogs 
causes only a transient hypotension and in addition 
has shown that it causes an increased flow in the ab- 
dominal aorta and portal vein. Neither trypsin nor 
bradykinin was detected in normal pancreatic juice, but 
a fairly large amount of kinin-forming enzyme was de- 
tected. This kinin-forming enzyme is capable of releas- 
ing bradykinin and causing a temporary hypotension. 
It is known that the glandular kallikrein as contained in 
various animal tissues and fluids. Previous investigators”! 
have demonstrated that the highest concentration of kalli- 
krein could be detected in the pancreas of most animals 
except the rat and mouse."! The kinin-forming enzyme, 
which was detected in the current experiments, may be 
a glandular kallikrein secreted in pancreatic juice. Pan- 
creatic damage, resulting from acute pancreatitis, ap- 
parently results in a release of glandular kallikrein from 
pancreatic tissue, which is known normally to contain 
10-100 kallikrein units per gram of pancreas.”! 

The current study has demonstrated that the infusion 
of ascitic fluid exudate, collected during pancreatitis, 
causes a temporary hypotension and an increased flow 
in the aorta and portal vein which are similar, although 
less marked in the aorta, than that following the in- 
fusion of normal pancreatic juice. The hypotension 
effects of ascitic fluid, however, are probably important 
because of the relatively large volume of fluid which 
accumulated in the peritoneal cavity. The pancreatic ` 
enzyme levels in ascitic fluid were very high, but active 
trypsin was detected in less than half of the experiments. 
The hypotensive effect of ascitic duid did not show any 
relationship to its trypsin content. Although only a small 
amount of bradykinin was found in ascitic fluid, a large 
amount of kinin-forming enzyme could be detected. The 








TABLE 2. Enzymes and Bradykinin in Ascitic Fluid 
Experiment Ascitic Fluid Amylase Lipase Trypsin Trypsinogen Kinin-Forming Bradykinin 
Number ml. Units/% Units/ml. Units/ml. Units/ml. Enzymes/ng/ml. ng/ml. 
1 450 62 ,000 19.9 4.8 59 18.9 0.7 
2 700 | 365 ,000 23 1.5 i Oe 10.0 0.3 
3 500 75,000 5.8 0 16.0 35 0.7 
4 550 750,000 9.4 0 11.0 f9 0.7 
5 400 120 ,000 : 0 26.0 20 2.4 
6 450 70,000 5.6 0 18.0 43 1.3 
7 350 320 ,000 10.4 0 14.0 20 1.0 
8 400 70,000 9.3 3.5 (OE 30 0:3 
O cana else ig Tiina cn a antenna aaa 
Mean 475 229 ,000 9.48 1.22 ie 31.46 0.99 
+S.E. + 36.6 + 80.26 +1.89 +0.65 +5.44 +6.76 +0.4 
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concentration of kinin-forming enzyme in the ascitic 
fluid was usually greater than that found in the pan- 
creatic juice. This would imply that pancreatic exudate, 
escaping into the peritoneal cavity during acute pan- 
creatitis, causes or is associated with the release of 
additional kinin-forming enzyme. Similarly Ofstad, 
et al.'**1_ demonstrated that pancreatic exudate, col- 
lected during acute pancreatitis, causes a temporary hy- 
potension, when given intravenously in healthy dogs. 
This exudate was capable of releasing histamine from 
mast cells, and they postulated that the histamine might 
be the cause of the hypotension. Popieraitis, et al.2* dem- 
onstrated that bradykinin, released during the course 
of experimental acute pancreatitis, is largely produced 
within the pancreas itself, rather than in any of the 
other glands of the body. From the current findings, 
however, it would appear that the escape of pancreatic 
juice into the peritoneal cavity contributes to only part 
of the kinin-forming enzyme activity found in the ascitic 
fluid. The kinin-forming activity of the ascitic fluid was 
greater than that detected in pancreatic juice. It there- 
fore suggests that the pancreatic exudate causes a release 
of additional bradykinin and kinin-forming enzymes 
from other tissues within the peritoneal cavity or the 
injured pancreas releases more kinin-forming enzyme 
into the exudate than it does into normal pancreatic 
juice. 

Peritoneal dialysis during acute pancreatitis has been 
reported to result in improved survival rate under clini- 
cal?! and experimental conditions.” The current study 
suggests that the local accumulation of ascitic fluid, dur- 
ing pancreatitis, may play a contributing role to the 
_ hypotension of acute pancreatitis. 


Summary 


The hypotensive effects and kinin-forming enzyme 
content of pancreatic juice were compared with that of 
ascitic fluid exudate obtained from bile-induced pan- 
creatitis in dogs. It was found that the hypotensive 
effects of pure pancreatic juice, collected from Thomas 
fistulae dogs, was slightly greater than that of an equal 
amount of ascitic exudate. Ascitic fluid, however, might 
contribute significantly to hypotension during acute 
pancreatitis since a large amount of fluid was observed 
to accumulate within the peritoneal cavity. This effect 
might be additive to the hypotension caused by the leak- 
age of pancreatic juice directly into the circulation. The 
kinin-forming activity of the ascitic exudate was usually 
greater than that of pancreatic juice. This implies that 
the injured pancreas may release an additional amount 
of kinin-forming enzyme over and above that found in 
normal pancreatic juice. Another possibility is that the 
exudate causes a release of additional enzymes after its 
escape into the peritoneal cavity. 
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Studies in Experimental Canine Cirrhosis: 


Hemodynamic Alterations with Emphasis on Degree 


E XPERIMENTAL STUDIES concerning the hemodynamic 
modifications occurring in hepatic cirrhosis have 
been limited in the past by the lack of a suitable animal 
model simulating human Laennec’s cirrhosis. The canine 
model of experimental cirrhosis described by Madden 
and co-workers® appears to resemble the human state of 
Laennec’s cirrhosis more closely than any previously 
described preparation. This animal model is produced 
by the oral feeding of the specific hepatotoxin, dimeth- 
lynitrosamine, over such a time period that the damaged 
hepatic cells are gradually replaced by fibrous tissue 
and an histologic picture resembling that of Laennec’s 
cirrhosis results. The study here reported was designed 
to seek answers to the following specific questions: 

1. Does the hyperdynamic state with increased car- 
diac output appear regularly as part of the pic- 
ture of experimental canine cirrhosis? 

2. To what extent is the hepatic blood flow altered 
by the experimental cirrhosis? | 

3. In what direction is the total splanchnic inflow 
modified in experimental cirrhosis? 


Materials and Methods 


Nine adult mongrel dogs of either sex, weighing be- 
tween 18.6 and 24.5 Kg, (average 21.2 Kg.) were ad- 
ministered dimethylnitrosamine in sugar filled capsules 
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orally twice a week for 3 weeks in a dosage of 2 microli- 


ters/Kg./body weight. Thereafter they received one cap- 
sule weekly for a total of 12-13 weeks from the onset af 
the dimethylnitrosamine (DMNA) administration for a 
total cumulative dose of 30 microliters/Kg./body weight. 

Four to five weeks after discontinuing the medication, 
the animals had a series of hemodynamic studies car- 
ried out under intravenous pentobarbital anesthesia and 
artificial ventilation with room air. Through a left tho- 
racotomy, a non-cannulating electromagnetic flow probe* 
was placed on the ascending aorta. The thoractomy was 
then closed leaving the probe in situ. 

The thoracic aorta was cannulated via a femoral artery 
for central aortic pressure recording. 

With the animal in the supine position, a midline 
celiotomy was performed and the celiac axis, superior 
and inferior mesenteric arteries, common hepatic artery 
and portal vein exposed. Suitably sized electromagnetic 
flow probes were placed about each of these vessels 
and a nylon occluding sling positioned distal to each 
probe to make possible recordings of occlusion zeros. 
All probes were connected to. square wave electromag- 
netic flowmeters** and pressure and flow signals re- 
corded on a multi-channel direct writing recorder. All 
flow probes had been previously calibrated either in 
vivo or in vitro. 

Results 


One animal died 8 weeks following the beginning of 
the DMNA administration of massive gastrointestinal 
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bleeding from extensive gastric mucosal ulceration. A 
second animal died 3 weeks following the discontinua- 
tion of the DMNA administration as a result of bleeding 
from the site of a transcutaneous needle liver biopsy. 
Seven animals remained therefore and were available 
for the hemodynamic studies. The results in these ani- 
mals were compared to seven apparently normal animals 
having hemodynamic studies carried out on a random 
basis with the cirrhotic animals to secure control data. 


TABLE 1 


a —————————— 


Control Cirrhosis 


relative flow 
(ml./Kg./min.) 
mean + SEM 


relative flow 
(ml./Kg./min.) 
mean + SEM 


% of cardiac % of cardiac 





output output change 

Cardiac output 127.1 + 4.19 145.3 4+ 4.0 14.3% 7 

100% 100% p < 0.01 

Splanchnic 30.0 + 1.94 Sit 4 2.59 25.7%] 

inflow 23.6% 25.9% p < 0.05 

Portal vein 27.6 + 1.73 23.9 + 1.31 13.6%| 
flow 21.7% 16.4% n.s. 

Hepatic art. 9.6 + 0.63 10.16 + 0.54 5.5% 
flow 7.6% 7.0% n.s. 
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Fic. 1. Histological liver 
ayer of cirrhosis 
classification 2+ to 3+. 


At laparotomy, gross findings consistent with portal 
cirrhosis were encountered including ascites, enlarged 
portosystemic venous collateral communications and en- 
larged hepato-duodenal lymphatics. 

Histologic examination of liver biopsies obtained at 
the time of the hemodynamic study revealed all animals 
having changes in the 2+ to 3+ classification as de- 
scribed by Madden? (Fig. 1). 

The blood flow data are summarized in Table 1. 
Cardiac output was increased 14% above the control 
animals in the cirrhotic dogs. Total calculated periph- 
eral resistance, however, was not significantly changed 


(Fig. 2). 
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The corrected portal pressure (difference between the 
portal vein and vena caval pressure at the same level) 
was increased in all cirrhotic animals to values between 
6 and 14 cm. of water as compared with the control 
animals which in all cases showed readings less than 
2 cm. of water (Fig. 3). 

The portal vein flow was reduced approximately 14%. 
However this change was of questionable significance 
(Fig. 4). 

Total splanchnic inflow, that is the total of celiac axis, 


»—superior and inferior and mesenteric artery flows minus 


hepatic artery flow, was increased 26% in the cirrhotic 
animals as compared with the control group (Fig. 5). 
using this figure for total splanchnic inflow, a calcula- 
tion of portosystemic shunting was made as shown in 
Table 2. From this table it will be noted that approxi- 
mately 8% of the splanchnic inflow in the control ani- 
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TABLE 2. 
Control Cirrhosis 
shunting volume 
ml./Kg./min. 
mean + SEM 2.38 + 0.37 13.84 + 1.44 p < 0.001 
% of splanchnic 
inflow 7.82% 36.65% 


mals did not return via the portal vein. On the other 
hand, approximately 37% of the splanchnic inflow in the 
cirrhotic animals was not returned via the portal vein. 
These findings are demonstrated graphically in Figure 6. 

Calculation of total hepatic inflow as a percent of 
cardiac output is shown in Table 3. The hepatic artery 
flow in the cirrhotic animals was essentially the same as 
in the controls. A 6% reduction in the percentage of 
cardiac output reaching the liver occurred in the cir- 
rhotic animals and the hepatic artery to portal vein ratio 
was changed (Fig. 7). 


Discussion 


From the findings of this study, it is apparent that this 
canine experimental model of cirrhosis produces a hy- 
perdynamic state with increased cardiac output resem- 
bling that seen in human Laennec’s cirrhosis.!:?*:46 An 
absolute increase in total splanchnic inflow was seen but 
this increase was not adequate to fully account for the 
increase in cardiac output. This finding supports the 
clinical impression in patients with Laennec’s cirrhosis 
that increased peripheral blood flow is also part of the 
picture. 

To our knowledge the figures contained herein show 
the first quantitative assessment of the degree of porto- 
systemic shunting in the control animal as compared 
with a cirrhotic and reveal that the normal small (8%) 
portosystemic shunting) is increased to approximately 
37% portosystemic shunting in the cirrhotic animal. 


Summary and Conclusions 


1. A canine animal model resembling early human 
Laennec’s cirrhosis was produced by the adminis- 
tration of the specific hepatotoxin, dimethylnitrosa- 
mine, as described by Madden and co-workers. 


TABLE 3, 
Control Cirrhosis 

Hepatic inflow (hep. 

artery plus portal vein 

flow) 37.8 + 2.1 301S 
% of cardiac output 29.3% 23.4% 
Hep. artery: portal vein 

ratio 1:2.94 1:2.36 
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2. The dogs so treated developed portal hypertension 


and an histologic picture resembling early Laen-- 


nec’s cirrhosis in approximately 12 weeks following 
the drug administration. 


. A hyperdynamic state with an increased cardiac 


output resulted, 


. Total hepatic blood inflow was reduced numerically 


but these findings were of questionable significance. 


. Total splanchnic inflow of blood was significantly 


increased. 


. Portosystemic shunting was increased from approxi- 


mately 8% of the splanchnic inflow in the control 
animals to 37% of the splanchnic inflow in the cir- 
rhotic animals. 
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EDWARD DELOS CHURCHILL 
1895-1972 





THE DEATH OF DR. EDWARD DELOS CHURCHILL on 
August 28, 1972, marks the passing from our midst of a sur- 
geon who contributed immensely to a wholly new image for 
surgery and surgical practice, surgical physiology and education. 

A native of Chenoa, Illinois, a graduate of college at North- 
western in Evanston, Dr. Churchill came to the Harvard Medi- 
cal School as a first-year student in 1917. At the height of his 
Professorial career in the late 1930’s, he epitomized that large 
-group of teachers then at Harvard who traced their origins 
both by birth and education to other parts of the country. 
Just as his generation of Harvard faculty brought new vigor to 
the Medical School from beyond the Atlantic tidewater, so 
also his studies of human biology brought new insights to a 
whole generation of surgeons who achieved technical excel- 
lence at the operating table, and then looked beyond it to the 
overall welfare of the patient. 

As editor of Annals of Surgery for many years, Dr. 
Churchill expressed himself eloquently both by the spoken 
and written word. His grasp of any problem, either editorial or 
clinical, was so perceptive and so trenchantly stated that it 
made a profound impression on those around him. 

It was this very perception of the essential components of 
any challenge in clinical surgery, research, or education that 
was so impressive to those who had the privilege of working 
_ with Dr. Churchill. This molded the thinking habits of those 
who came under his influence, even though they were never 
forced into any fixed pattern of expression or of operative 
technic. In fact, Dr. Churchill never regarded himself as the 
founder of a School of Surgery, and he often poked fun at 
those who pretended to such a distinction. Despite his mod- 
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esty on this score, he trained many Professors of Surgery. The 
majority of the Surgical Professors at Harvard Medical School 
throughout the later years of his life, who were in charge of 
the major teaching units of that school, were graduates of Dr. 
Churchill’s program at the Massachusetts General Hospital. If 
he founded a school of anything, it might have been called a 
“School of Clear Thinking” in matters surgical. 

His early clinical years were spent at the MGH working 
under a senior staff heavily weighted with the old Boston and 
Beacon Street traditions. He refreshed his mind abroad. His 
first years in research were with Cecil Drinker at the Harvard 
School of Public Health and with August Krogh in Copen- 
hagen. Working in Copenhagen he was able to include visits to 
many of the pioneers in European Thoracic Surgery of that 
era, and make friendships that lasted throughout his life. 

Returning to full-time work at the MGH under Professor E. 
P. Richardson in 1927, he was called away to help create a 
full-time Surgical Unit at the Boston City Hospital in 1928. 
From then until his return to the MGH in 1931, Dr. Churchill 
worked in cardiopulmonary physiology with a particular inter- 
est in pulmonary embolism. In collaboration with his brilliant 
pupil, John Gibbon, he showed that multiple small emboli 
increased total pulmonary vascular resistance and gradually 
produced right heart failure, whereas a single massive pulmo- 
nary embolism was lethal by some other unknown mechanism. 
Although it obstructed but a single pulmonary artery, it was 
lethal while the outright ligature of that artery produced little 
adverse physiologic effect acutely. It was to be 25 years before 
this paradox, which he defined, was in any sense clarified. 

One cannot help but draw a parallel between this early 


07 


508 


physiologic study which enabled Dr. Churchill to establish new 
surgical standards of excellence for pulmonary resection, and 
the studies carried out by Dr. Cushing 30 years previously, on 
the pathophysiology of cerebrospinal fluid, which enabled him 
to evolve a safer technic for intracranial operations. 

When, in 1933, Dr. Churchill became the John Homans 
Professor and Chief of the West Surgical Service at the Massa- 
chusetts General Hospital, he settled into one of the most 
productive periods of his life, a period that lasted until he 
departed to take on his monumental role as “Surgeon to 
Soldiers” in World War Il. 

It was during those first years as Chief at the MGH that Dr. 
Churchill carried out most of the work that the surgical world 
later regarded as his major clinical contributions. These in- 
cluded his early operations for hyperparathyroidism, under- 
taken with Dr. Aub and Dr. Bauer, as well as those for con- 
strictive pericarditis, initiated in collaboration with Dr. Paul D. 
White. These were the years of his early pneumonectomies, his 
attempts at embolectomy, and his establishment of lobectomy 
for bronchiectasis as an operation that could be done with an 
acceptably low mortality. This difficult procedure, now almost 
passed from the surgical scene, required the dissection at the 
lung root of heavily infected tissue. It required perfection in 
anesthesia as well as in surgical technic. For this, Dr. Churchill 
sought the collaboration of Dr. Henry K. Beecher, and later 
nominated him the first Academic Full-Time Professor of 
Anesthesia at the Massachusetts General Hospital, initiating a 
new era in Anesthesia at Harvard. 

Pearl Harbor and the outbreak of World War II led to Dr. 
Churchill’s departure to become Theatre Commander for 
Surgery, in the Mediterranean. It was an era in which he devel- 
oped easy and affable contact with many surgeons over a large 
area. The society later founded by his young officers to do 
him honor and to enjoy the friendly contacts they had with 
their commander, now include the Edward Churchill Lecture- 
ship, and is truly the Edward D. Churchill Society, though 
going under the name of the Excelsior Society. His perception 
of the beacons of clinical reality in a sea of military dogma and 
surgical mythology, permitted him to make many innovations 
that improved the care of the American wounded man. The 
establishment of local and regional blood banks, the wide use 
of blood transfusions, delayed primary closure of wounds, per- 
fection of the details of air evacuation ...no other surgical 
commander so revolutionized military surgery in World War II 
as did Dr. Churchill. It is revealing of Dr. Churchill’s own 
self-denial, that he postponed publication of his memoirs of 
the war until 1970, when “Surgeon to Soldiers” was pub- 
lished. Few diaries from a war-time experience have waited a 
full quarter-century before seeing the printer’s ink. 

Returning from the war to the cares of the Hospital and the 
Medical School, Dr. Churchill found many things different and 
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not always easy. His surgical practice had disappeared. By 
choice, and to achieve balance in his interest, he became active 
in Washington and was a member of the Hoover Committee 
appointed to reorganize the bureaucracy of the entire govern- 
ment. After only a few years, he left the Washington scene 
altogether both discouraged and frustrated with his experience 
there. One evening in an informal mood he stated that “you 
don’t understand Washington until you have been promoted 
and then rejected.” 

In 1946 he served as President of the American Surgical 
Association and there presented his historic analysis of intel- 
lectual trends in surgery under the title of “Science and 
Humanism”. During the last ten years of his Professorship, he 
saw the services at the MGH united under his guidance and he 
gained increasing pleasure from the personal contacts with his 
own resident staff and his students. His clinical work progres- 
sively decreased as the skills of younger men replaced, often 
prematurely, the superb judgment of the senior teacher. His 
scholarship during that era produced “To Work in the Vine- 
yard of Surgery”, an annotated diary of one of his predeces- 
sors, Dr. John Collins Warren, telling the story of surgery in 
Boston and at Harvard from the time of the Civil War to the 


establishment of the Longwood Avenue Campus. 
Although these years were troublesome and difficult years, 


both at the Hospital and in the Medical School, he nonetheless 
always remained of good cheer, with a wonderful sense of 
humor. He always had a word of encouragement for those in 
his own beloved MGH, or elsewhere, who were working to 
support academic programs in surgery. 

Following retirement Dr. Churchill became interested in the 
history of wound management, particularly in the military. 
Devoted to his study and his farm he withdrew from the 
public scene and was not a frequent visitor to the University or 
the Hospital. His devoted wife Mary and their four children, 
now grown and with their own families, gave him his pleasures 
in retirement. Increasingly, his time was spent on the Vermont 
farm. On the occasion of the 25th year of the Excelsior Soci- 
ety, in 1970, there was a large and joyous reunion of his 
former residents and war-time associates to reaffirm their 
affection for Dr. Churchill. 

Enjoying a long walk on his farm, he was stricken with his 
fatal cardiovascular event. All who knew him and who enjoyed 
his company can join in warm best wishes and condolences to 
Mary and to his family. We can also imagine his own enjoy- 
ment on those last walks in the hills, turning over in his mind 
the happy times, many friends, and unique triumphs that 
characterized his life of over thirty-two years as Professor of 
Surgery at Harvard, and saw him change the face of surgery 
throughout the world. 


FRANCIS D. MOORE, M.D. 
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For the busy surgeon... an up-to-date review 
of recent progress 


THE SURGICAL MANAGEMENT 
OF VASCULAR DISEASES 


Edited by Henry Haimovici, M.D. With 24 Contributors. 


This timely book provides a comprehensive overview of the 
latest diagnostic methods and therapeutic procedures for some 
of the most important venous and arterial diseases amenable to 
surgical correction. 


Chapters in this well-organized work range from Plication of the 
Inierior Vena Cava for Prevention of Pulmonary Embolism to 
Surgical Indications in Renovascular Hypertension. Illustrated 
chapters were contributed by authorities in fields of vascular 
surgery, thoracic surgery, internal medicine, cardiology, hema- 
tology, and radiology. Clinically-sound conclusions are presented, _ 
based upon data from long-term follow-ups and the recent emerg- 
ence of standardized techniques and surgical indications. 


Everyone concerned with the limits and advantages of vascular 
surgery will benefit from the important material that fills the 
pages of this helpful book. 


260 Pages ® 155 filustrations © 1970 6 $18.50 
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used as a laxative for over 1500 years. In SENOKOT prepara- 
tions, this natural vegetable laxative is purified and refined 
into one of the most modern, virtually colon- -specific, 
predictably gentle anticonstipants your patients can use. 

So when the situation calls for a gentle, predictably 
effective laxative, why not make the natural choice— . 
SENOKOT Tablets or SENOKOT Granules. 

Supplied: SENOKOT Tablets (small, easy-to-swallow) 
— Bottles of 50 and 100. SENOKOT Granules (delicious, 
cocoa-flavored) — 4, 8 and 16 ounce (1 Ib.) canisters. 
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Dr. Philip Thorek shows you, step-by-step, 
the operative procedures he has found most 
effective in a broad range of surgical problems 


ATLAS OF SURGICAL TECHNIQUES 


By Philip Thorek, M.D., F.A.CS., F.I.C.S. 
Illustrated by Carl T. Linden 





From tracheostomy to subtotal gas- 
trectomy, each procedure presented in 
this atlas has proven its advantages 
over and over again in the operating 
room. In collaboration with the bril- 
liant medical artist Carl T. Linden, 
Dr, Thorek covers the surgical prob- 
lems most frequently encountered in 
daily practice. Youll find pages de- 
voted to procedures such as hernior- 
rhaphy, splenectomy, thoracostomy, 
hemorrhoidectomy, etc. Each opera- 
tive procedure is clearly presented, 
step-by-step, on a right hand page, 
with explanatory text on the facing 
page. 

Where competitive techniques for 
given conditions exist, Dr. Thorek 
states his preferences with character- 
istic clarity and candor. Every choice 
is critically discussed and firmly sup- 


ported in the detailed presentations. 


All the illustrations are original, the 
text type is large and legible, and the 
beautiful illustrations are labelled with 
maximum clarity. The authors repu- 
tation as a medical communicator is 
once again demonstrated in this, his 
latest work. 


As a reviewer said of a previous book 
on which Dr. Thorek and Carl T. 
Linden collaborated: “The author has 
a quite exceptional power of compress- 
ing all the essentials of description in 
the briefest possible space; the artist 
has an equal power of expressing the 
descriptions in visual form. It is a 
very rare and happy combination.” 
Every surgeon, from resident to chief 
of service. will want to include this 
new atlas in his armamentarium. 


196 pages èe 1970 e $22.00 


80 full pages of illustrations containing 655 figures 


J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


O ATLAS OF SURGICAL TECHNIQUES 


NAME cs. sek oe cewee a 


ADDRESS .... 





Lippincott 


$22.00 
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TRANSPLANTATION ANTIGENS 


Markers of Biological Individuality 

edited by BARRY D. KAHAN and RALPH A. REISFELD 

IMMUNOLOGY: An International Series of Monographs and Treatises 

This volume synthesizes the available information on the ontology, phylogeny, cell 
and tissue distribution, cross-reactivities, and biological characterization of transplan- 
tation antigens. It emphasizes the properties of materials solubilized from cell mem- 
brane surfaces—a procedure which does not change the marker’s biological prop- 
erties. 

1972, 566 pp., $29.50 


THE MICROCIRCULATION IN CLINICAL MEDICINE 
edited by ROE WELLS 


This book illustrates how the microvasculature functions as a primary response 
“organ” or as a primary site of the pathologic process in cardiovascular, renal, pul- 
monary, neurologic, and other disorders. 

June 1973, about 300 pp., in preparation 


AP HEMODIALYSIS 


Principles and Practice 


AC ADEMIC Edited by GEORGE L. BAILEY 
This book offers an invaluable compilation of data from both the 





literature and from the authors’ own research on uremia and 
PRESS hemodialysis. Topics covered include: description of uremia and 
how it is affected by dialysis; detailed analysis of drug therapy 
New York and London in patients with renal failure; and stepwise description detailing 
111 FIFTH AVENUE the operation of two commonly used artificial kidneys. 
NEW YORK, N. Y. 10003 1972, 516 pp., $24.50 





A Subsidiary of Harcourt Brace Jovanovich, Publishers 


COMPLETE TRANSPOSITION OF THE 
GREAT ARTERIES 


by REDA M. SHAHER 


Transposition of the great arteries is the most common cyanotic congenital heart dis- 
ease in infancy. Complete surgical correction of this condition has only been recently 
achieved—an accomplishment that has created tremendous interest in transposition 
all over the world. Primarily based on the author's studies of 409 patients with com- 
plete transposition, this book deals with embryologic, pathologic, clinical, and surgi- 
cal aspects of the condition. The book discusses the anatomy and embryology of the 
normal heart, classification and definition of transposition, experimental production 
and embryogenesis, cardiac and extra cardiac pathology, clinical features, electro- 
cardiography, vectorcardiography, chest radiography, hemodynamics and angiocardi- 
ography, prognosis, and medical and surgical management. It also contains 130 il- 
lustrations, 98 tables, and about 1,500 references. 

1973, about 500 pp., in preparation 


The Official Publication of the Society of Gynecologic Oncologists 


GYNECOLOGIC ONCOLOGY 


An International Journal 
editor: S. B. GUSBERG 


To provide comprehensive coverage of the latest developments in research and re- 
cent advances in the treatment of tumors of the female reproductive tract, Academic 
Press is publishing an important new journal—GYNECOLOGIC ONCOLOGY. This jour- 
nal presents both clinical and basic research studies covering the Surgical, radio- 
therapeutic, pathologic, cytologic, and chemotherapeutic aspects of gynecologic cancer. 
It incorporates the latest advances in cell biology, immunopathology, endocrinology, 
steroid chemistry, genetics, cell kinetics and biology, epidemiology, and radiation 
biology as they pertain to the study of uterine tumors. 

Volume 1/1972-1973 (4 issues), $30.00 

(Please add $2.50 for postage outside the U.S.A. and Canada) 

A limited supply of sample journals will be made available by the publishers to honor 
individual requests. 


prices subject to change without notice 
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e the return 


The versatility of Phenergan can make it a useful 
medication following surgery, both in the recovery roorr 
and back in the ward. 

Phenergan helps you prevent and control nausea and 
vomiting associated with certain types of anesthesia an 
surgery. Also, Phenergan may be given as an adjunct to 
analgesics to help control postoperative pain* 

In addition, you can use Phenergan to help provide 
sedation. It helps allay apprehension and provide a ligh 
sleep from which your patients can be easily awakened 

You can even administer Phenergan IM or IV+ 
Phenergan. Versatile. 


INJECTION 


PHENERGAN 
(PROMETHAZINE HCI ) 


*Because Phenergan adds to the sedative effects of CNS de- 
pressants, including narcotics, such‘agents should either be 
eliminated or used in reduced dosage in the presence of pro- 
methazine 





Indications: Promethazine HCI injection is indicated when the oral form 
is impractical for: Amelioration and prevention of allergic reactions to 
blood or plasma in patients with known history of such reactions; in 
anaphylaxis as an adjunct to epinephrine and other standard measures 
after acute symptoms have been controlled: for other uncomplicated 
allergic conditions ofthe immediate type when oral therapy is impossible 
or contraindicated; active treatment of motion sickness: preoperative, 
postoperative and obstetric (during labor) sedation: prevention and con- 
trol of nausea and vomiting associated with certain types of anesthesia 
and surgery; as an adjunct to analgesics to control postoperative pain; 
for sedation and relief of apprehension and to produce light sleep from 
which the patient can be easily aroused: intravenously in special surgical 
situations (e.g. repeated bronchoscopy, ophthalmic surgery, poor-risk 
patients) with reduced amounts of meperidine as adjunct to anesthesia 
“and analgesia. 


Contraindications: Contraindicated in individuals with known hyper- 
sensitivity to promethazine. Intra-arterial injection is contraindicated. 


Warnings: The sedative action of promethazine is additive to the sedative 
effects of CNS depressants; therefore. agents as alcohol, barbiturates 
and narcotic analgesics should be eliminated or given in reduced dosage 
in presence of promethazine. When given concomitantly with pro- 
methazine reduce dose of barbiturates by at least % and dose of anal- 
gesic depressants (e.g. morphine or meperidine) by % to %. Although 
proper IV use of promethazine is well-tolerated. exercise care not to 
allow perivascular extravasation since under such circumstances chemi- 
cal irritation may occur? When used IV give in a concentration no greater 
than 25 mg./cc. and at a rate not over 25 mg./minute. 


Precautions: Caution ambulatory patients against driving autos or operat- 
ing dangerous machinery until it is known that they do not become 
drowsy or dizzy from promethazine. Antiemetics may mask symptoms of 
unrecognized disease and thus interfere with diagnosis. Patients in pain 
who received inadequate or no analgesia have developed ‘athetoid- 
like" movements ofthe upper extremities following parenteral prometha- 
zine. These symptoms usually disappear on adequate control of pain. 


Adverse Reactions: Patients may occasionally complain of autonomic 
reactions, e.g. dryness of mouth, blurring of vision and rarely dizziness. 
Very rare cases have been reported where patients receiving prometha- 
zine developed leukopenia. In one instance agranulocytosis has been 
reported. In nearly every instance reported other toxic agents known to 
have caused these conditions were associated with administration of 
promethazine. Cardiovascular by-effects from promethazine have been 
rare (minor increases in blood pressure, occasional mild hypotension). 
Photosensitivity (extremely rare) contraindicates further use of pro- 
methazine or related drugs. Attempted suicides with promethazine 
resulted in deep sedation, coma, rarely convulsions and cardiorespira- 
cory symptoms compatible with depth of sedation. A paradoxical reaction 
(hyperexcitability and nightmares) has been reported in children receiv- 
ing large single doses. 


Composition: |Injection—1 cc. ampuls of 25 mg./cc. and 50 mg./cc. Each 
cc. alsocontainsO.1 mg.disodium edetate, 0.04 mg. calcium chloride and 
not more than 0.25 mg. sodium metabisulfite and 5 mg. phenol with so- 
dium acetate buffer. 


Wyeth Laboratories Philadelphia, Pa. 
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Fourth Edition! 


SURGERY 


Principles and Practice 


By Jonathan E. Rhoads, M.D., D.Sc. (Med), J. Garrott Allen, M.D., 
the late Henry N. Harkins, M.D., Ph.D., and Carl A. Moyer, M.D. 
With 36 Contributors 


Strengthened by complete updating, this 
revision emerges as the best of the four 
editions of this classic. You'll find eight 
new contributors, two brand new chap- 
ters and 106 new illustrations. 


The entirely new chapters reflect today’s 
achievements and directions in surgery: 
Tissue and Organ Transplantation and 
The Molecular Atiack on Cancer. 


Chapters extensively revised include: 
Principles of Hand Surgery; Physiology 
of the Pituitary and Adrenal Glands; 
Military Surgery; Tumors of the 
Colorectum. 


Anatomic, pathologic, physiologic, and 
biochemical factors relevant to surgical 
practice are interwoven throughout, to 
foster accurate diagnosis and judicious 
operative and postoperative care. 


This Fourth Edition continues to ad- 
vance its editors’ objectives: to explain, 
understandably and completely, the basic 
principles of surgery. 


FROM REVIEWS 
OF THIRD EDITION... 
“| . . the besi textbook and general sum- 
mary of surgical practice that has been 
written.” 

—Surgery, Gynecology and Obstetrics 


“, .. Should be on the shelf of every 
aspirant for surgical approval... .” 
—Group Practice 


“, . . Should appear on the bookshelves of 
everyone interested in the overall subject of 
surgery.” —GP 


1864 Pages e 758 Illustrations e 4th Edition, 1970 e $24.00 
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J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 
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Stay one step ahead 


of current surgical techniques 


SPRATT, BUTCHER & BRICKER: 


Exenterative Surgery of the Pelvis 
Major Problems in Clinical Surgery, Vol. XII 


A compendium of ablative and reconstructive surgical 
techniques to help you manage problems presented by 
neoplasms extending beyond the organ of origin. Modifica- 
tions include anterior, posterior and total exenteration; hemi- 
pelvectomy in conjunction with exenteration; colostomy; and 
ureteroileostomy. Special attention is given to the importance 
of pelvic fascial anatomy, prevention and management of com- 
plications, and the relation of natural history and anatomical 
extent of the neoplasm to the selection of surgical operation. 


By John S. Spratt, Jr., M.S.P.H., M.D., Director, Cancer Research Center. 
Columbia, Mo.; Harvey R. Butcher, Jr., M.D., Prof. of Surgery; and Eugene M. 
Bricker, M.D., Clinical Prof. of Surgery; both of Washington Univ. School of 
Medicine. About 200 pp., illustd. About $8.75. March. 


BAILEY: 


Disproportionate Short Stature 
Diagnosis and Management 


A compendium of the unique physical and surgical problems 
of over 115 dwarfisms. Orthopedic aspects are exemplified 
through numerous cases, with radiologic diagnosis empha- 
sized -in determining variations from normal medical and 
Surgical approaches. 


By Joseph A. Bailey, II, M.D., Consultant in Orthopaedic Genetics, Medical 
Center of El Monte, Hospital and Clinic, El Monte, Calif. About 590 pp., 230 figs. 
About $30.00. May. 


ANSON & DONALDSON: 
Surgical Anatomy of the Temporal Bone and Ear 
New 2nd Edition 


Revised to include new material on congenital anomalies, 
Structural variations, differences according to age, and 
changes resulting from pathologic processes. Part ll, 
Developmental Anatomy, is a completely new study of the 
Structures of the ear through its fetal stage into the adult form. 
About 150 new illustrations have been added to this edition. 


By Barry J. Anson, Ph.D., (Med. Sc), Research Prof., Dept. of Otolaryngology 
and Maxillofacial Surgery, College of Medicine, Univ. of lowa; and James A. 
Donaldson, M.D., Prof. and Chairman, Dept. of Otolaryngology, Schoo! of 
Medicine, Univ. of Washington. Iilustd. by George Buckley. About 430 pp., 225 
figs. (5 color.) About $22.50. May. 
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with new Saunders texts. 


LORÉ: 
Atlas of Head and Neck Surgery 
New 2nd Edition 


Many chapters virtually rewritten, including Fractures of the 
Facial Bone, Plastic Procedures for Cleft Lip, and the 
Periorbital Region—the latter featuring new plates on the 
eyelids. New methods include reconstruction of the pharyngo- 
esophagus, transcervical thymectomy, reduction and fixation 
of depressed fractures of the facial bones, operations for 
chemodectomas. 


By John M. Loré, Jr., M.D., Prof. of Surgery and Head of the Div. of Oto- 
laryngology, School of Medicine, State Univ. of New York at Buffalo. lllustd. by 
Robert Wabnitz. Two-vol. set. About 1070 pp., 375 figs. (12 color.) About $42.50. 
June. 


JANOVSKI & PARAMANANDHAN: 
Ovarian Tumors 
Major Problems in Obstetrics & Gynecology, Vol. IV 


A clinical guide to the recognition of tumors and tumor-like 
conditions of the adnexa. The authors discuss morphology, 
theories of origin and conflicting classification in detail, and 
describe malignant potential and prognosis of the entire 
spectrum of tumors encountered in pelvic surgery. Special em- 
phasis is placed on enzymatic and hormonal activity; meta- 
Static spread; complications; and endocrine and metabolic 
manifestations of non-endocrine ovarian tumors. 


By N.A. Janovski, M.D., Dept. of Obstetrics & Gynecology, Northwestern Univ. 
Medical School; and T.L. Paramanandhan, M.B., B.S., Dept. of Pathology, 
Creighton Univ. School of Medicine. About 220 pp., 230 figs. Ready soon. 


WILLIAMS & ROAF: 
Implants and Prostheses in Clinical Surgery 


A monograph for surgeons and clinicians who work with pros- 
theses but have no training in material science. The relation- 
ship between structure and mechanical properties in metals, 
polymers and ceramics is discussed, as are their deteriorative 
effects on biological environments. All factors influencing the 
choice of materials are covered. 


Edited by D.F. Williams, B.Sc., Ph.D., Lecturer in Materials, School of Dental 
Surgery; and R. Roaf, B.Ch., Dept. of Orthopaedic Surgery; both of the Univ. of 
Liverpool. About 275 pp. Illustd. Ready soon. Published by W. B. Saunders Ltd., 
London. 


W. B. SAUNDERS COMPANY >: < 


Please send and bill me: 


O 8523 Spratt—Pelvis— About $8.75 
[C 1470 Bailey—Short Stature—About $30.00 
() 1291 Anson—Temporal Bone— About $22.50 
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A new analgesic formulation 


containing two agents: 


Darvon-N™ 
propoxyphene napsylate 


and 


Acetaminophen 
an antipyretic-analgesic 


Indicated for the relief of mild 

to moderate pain, either when pain 
is present alone or when it is 
accompanied by fever 


Description: Each tablet of Darvocet-N™ (propoxyphene 
napsylate with acetaminophen, Lilly) contains 50 mg. pro- 
poxyphene napsylate and 325 mg. acetaminophen. 


Actions: Propoxyphene napsylate is a mild analgesic struc- 
turally related to the narcotic analgesic methadone. Though 
propoxyphene’s general pharmacologic properties are those 
of the narcotics as a group, it does not compare with them in 
analgesic potency. 

Darvocet-N also contains the non-narcotic antipyretic-anal- 
gesic acetaminophen. 


Indication: Darvocet-N is indicated for the relief of mild to 
moderate pain, either when pain is present alone or when it 
is accompanied by fever. 


Contraindications: Hypersensitivity to propoxyphene or to 
acetaminophen. 


Warnings: Drug Dependence—Propoxyphene can produce 
drug dependence characterized by psychic dependence and, 
less frequently, physical dependence and tolerance. Propoxy- 
phene will only partially suppress the withdrawal syndrome 
in individuals physically dependent on morphine or other 
narcotics. The abuse liability of propoxyphene is qualita- 
tively similar to that of codeine although quantitatively less, 
and propoxyphene should be prescribed with the same degree 
of caution appropriate to the use of codeine. 

Usage in Ambulatory Patients — Propoxyphene may impair 
the mental and/or physical abilities required for the per- 





Usual dosage: 
2 tablets q. 4 h. 
p.r.n. for pain 





formance of potentially hazardous tasks, such as driving a 
car or operating machinery. The patient should be cautioned 
accordingly. 

Usage in Pregnancy—Safe use in pregnancy has not been 
established relative to possible adverse effects on fetal de- 
velopment. Therefore, propoxyphene should not be used in 
pregnant women unless, in the judgment of the physician, 
the potential benefits outweigh the possible hazards. 

Usage in Children—Propoxyphene is not recommended for 
use in children, because documented clinical experience has 
been insufficient to establish safety and a suitable dosage 
regimen in the pediatric age group. 


Precautions: Confusion, anxiety, and tremors have been 
reported in a few patients receiving propoxyphene concomi- 
tantly with orphenadrine. The central-nervous-system de- 
pressant effect of propoxyphene may be additive with that 
of other C.N.S. depressants. 


Adverse Reactions: The most frequent adverse reactions are 
dizziness, sedation, nausea, and vomiting. These effects 
seem to be more prominent in ambulatory than in nonambu- 
latory patients, and some of these adverse reactions may 
be alleviated if the patient lies down. 

Other adverse reactions include constipation, abdominal 
pain, skin rashes, lightheadedness, headache, weakness, 
euphoria, dysphoria, and minor visual disturbances. 

The chronic ingestion of propoxyphene in doses exceeding 
800 mg. per day has caused toxic psychosis and convulsions. 

[111472] 


Additional information available to the profession on request. Lilly 
Eli Lilly and Company, Indianapolis, Indiana 46206 
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Volume 1—GENERAL PRINCIPLES 
(Introductory, Trauma and Breast) 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 


304 Pages Illustrated 1968 $25.00 


Volume 2—THORAX, INCLUDING 
CARDIAC SURGERY 


W. P. Cleland, M.B., B.S., F.R.C.S. 
426 Pages illustrated 1968 $31.00 


Volume 3—VASCULAR SURGERY 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 


276 Pages Illustrated 1968 $22.00 


Volumes 4 & 5—ABDOMEN, RECTUM, ANUS 
(2 volumes) 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 

Sir Clifford Naunton Morgan, M.S., F.R.C.S., 
F.R.C.O.G. 


838 Pages Illustrated 1969 $69.00 
Volume 6—HEAD AND NECK 

Maurice R. Ewing, F.R.C.S. 

254 Pages Illustrated 1969 $18.00 


Volume 7—PLASTIC SURGERY 
Richard Battle, M.B.E., M.Chir., F.R.C.S. 
231 Pages Illustrated 1969 $20.00 


Volumes 8 & 9—ORTHOPAEDICS 
Ronald Furlong, F.R.C.S. 
587 Pages Illustrated 1970 (U.S.) $45.00 
Volume 10—EYES, EAR, NOSE AND THROAT 


Sir Stewart Duke-Elder, K.C.V.O., Ph.D., LL.D., 
M.D., F.R.C.S., F.R.C.P., F.R.S. 
Maxwell Ellis, M.D., M.S., F.R.C.S. 


350 Pages illustrated 1969 $26.00 


Volume 11—THE HAND 
R. Guy Pulvertaft, M.A., M.B., B.Ch., F.R.C.S. 
262 Pages illustrated 1970 $26.00 


Volume 12—GENITO-URINARY SYSTEM 


J. D. Fergusson, M.A., M.D., F.R.C.S. 
J. P. Williams, M.Chir., F.R.C.S. 


400 Pages illustrated 1971 $31.00 


Volume 13—GYNAECOLOGY 
AND OBSTETRICS 


D. W. T. Roberts, M.A., M.Chir., F.R.C.S., 
M.R.C.O.G. 


210 Pages Illustrated 1971 $18.00 
Volume 14—NEUROSURGERY 

Valentine Logue, F.R.C.S. 

320 Pages illustrated 1971 $20.00 


Second Edition Now Complete! 


OPERATIVE SURGERY 


Under the General Editorship of Charles Rob, M.C., 
M.D., M.Chir., F.R.C.S., ana Rodney Smith, M.S 
FR.C.S: 


With the appearance of Volume 14, the tremen- 
dous task of revising this valuable set is now ac- 
complished. Welcomed in its first edition as an 
unsurpassed pictorial presentation of surgical tech- 
nics, OPERATIVE SURGERY has been updated for 
this new Second Edition by a distinguished team of 
surgeons and teachers. It abounds in new material 
—new chapters have been added; new develop- 
ments are described; new operations are included. 
All technics, operations and instruments were care- 
fully reviewed and brought into line with current 
practice. 


The number of volumes in the set has almost 


doubled. 


Each volume depicts procedures step-by-step, with 
vivid illustrations plus brief text. The reader follows 
each operation as though he were in the operating 
room observing an outstanding surgeon. The basic 
format includes: Pre-Operative Notes: The Opera- 
tion (from incision to closure including drainage, 
alternative procedures, dangers); Special Post- 
Operative Care and Complications. 


en ee ee 
| J.B. LIPPINCOTT COMPANY | 
| East Washington Square, Phila., Pa. 19105 I 
i Please send me volumes circled below: - 
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publishing these books for surgeons 





Operative Surgery: 
Principles & Techniques 


Edited by PAUL F. NORA, M.D., Northwestern 
University Medical School, Chicago. 72 CON- 
TRIBUTORS. xvii plus 1106 pages, 8172”x11”. 
More than 1000 illustrations on 748 figures. 
1972. $58.00. 

(ISBN: 0-8121-0277-0). 


This distinctly different book combines prob- 
ing discussions with elaborate, beautifully 
rendered illustrations. Techniques are de- 
scribed so vividly that the atmosphere of the 
operating theatre seems to permeate the 
pages. 


Operative Anatomy 
of the Thorax 


By EDWARD A. EDWARDS, M.D., Harvard 
Medical School, Boston; PAUL D. MALONE, 
A.B., Lahey Clinic Foundation, Boston; and 
JOHN J. COLLINS, JR., M.D., Harvard Medi- 
cal School. xvii plus 246 pages, 8%” x 11”. 
301 illustrations on 134 figures. New. 1972. 
$17.50. (ISBN: 0-8121-0371-8). 


A lavishly illustrated atlas stressing structure 
as encountered at surgery, this text focuses 
on specific operative approaches, views 
seen at operation, anatomic anomalies and 
operative dangers. 


Surgical Emergencies 
in the Newborn 


By J. ALEX HALLER, JR., M.D., Johns Hop- 
kins University, Baltimore; and JAMES L. 
TALBERT, M.D., University of Florida Col- 
lege of Medicine, Gainesville. ix plus 153 
pages, 8%” x 11”. 103 illustrations. 1972. 
$14.00. (ISBN: 0-8121-0312-2). 


Discusses in detail current modes of surgical 
management of major abnormalities. Com- 
mon features and newest techniques of oper- 
ative and postoperative management are 
emphasized. 


Order from your bookstore or write: 



































General Thoracic Surgery 


Edited and with Contributions by THOMAS 
W. SHIELDS, M.D., Northwestern University 
Medical School, Chicago. 57 CONTRIBU- 
TORS. xxi plus 1007 pages, 7” x 10”. 929 
illustrations plus frontispiece in color. New. 
1972. $45.00. (ISBN: 0-8121-0345-9). 


A thorough, comprehensive overview of tho- 
racic surgery in its entirety. The text covers 
not only practical surgical approaches, but 
anatomic and physiologic features as well. 
It is broad in scope, practical in approach 
and fully up to date in presentation of trauma 
and diseases. 





Transplantation 


Edited by JOHN S. NAJARIAN, M.D.; and 
RICHARD L. SIMMONS, M.D.; University of 
Minnesota College of Medical Sciences, 
Minneapolis. 54 CONTRIBUTORS. xiv plus 
797 pages, 8%” x 11”. 465 illustrations on 
301 figures. New. 1972. $48.50. 

(ISBN: 0-8121-0317-3). 


A totally comprehensive overview of the en- 
tire field of transplantation, this book com- 
bines basic immunobiological information 
with practical clinical information. Immunol- 
ogy, genetics, medicine, surgery, law and 
sociology are presented. 





Intravenous Hyperalimentation 


Edited by GEORGE S. M: COWAN, JR.; and 
WALTER L. SCHEETZ; U.S. Army Medical 
R & D Command, Washington, D.C. 32 CON- 
TRIBUTORS. xxiii plus 225 pages, 7” x 10”. 
Illustrated. 1972. $12.00. 

(ISBN: 0-8121-0367-X). 


Pertinent concepts and techniques of intra- 
venous hyperalimentation are covered by 
thirty-two highly recognized authorities. 
Technical and metabolic considerations, 
proved applications and future research are 
covered in detail. 
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In surgery... 

postoperative 
gram-negative 
complications 


Gram-negative hospital 


infections rise sharply” 
Approximately two-thirds of today’s 
hospital-acquired infections are 
caused by gram-negative enteric 
bacteria. 


Gram-negative bacteria magnified 10,000X 
using a scanning beam electron microscope 





antibiotic 
of the 
19/0’s 





Antibiotic of FIRST resort 


In suspected or documented gram- 
negative sepsis, GARAMYCIN 
Injectable may be considered as 
initial therapy. The decision to 
continue therapy with this drug 
should be based on the results of 
susceptibility tests, the severity of 
the infection, and the important 
concepts contained in the 

Warning Box. 


GARAMYCIN Injectable 
is effective against 
today’s problem 
pathogens” 

GARAMYCIN Injectable offers an 
almost indispensable antibacterial 


spectrum for today’s gram-negative 
infections. It has a high probability 


of effectiveness against virtually all 
of the gram-negative pathogens 
implicated in serious surgical 
infections.* 


Proven clinical efficacy 


GARAMYCIN Injectable usually 
produces a dramatic response in 
wounds and burns complicated by 
Sepsis...and may be lifesaving 

in septicemia. 


Although studies demonstrating 
clinical effectiveness were not 
conducted on postoperative 
patients, GARAMYCIN Injectable 
has also shown outstanding 
results in serious gram-negative 
respiratory infections and is 
strikingly effective in selected 
urinary tract infections. 
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Relatively low incidence 
of adverse reactions 


The risk of toxic reactions is 
relatively low in patients with 


7,10-19 NOrmal renal function who do not 


receive GARAMYCIN Injectable at 
higher doses or for longer periods 
of time than recommended. For 
patients with impaired renal 
function, see Package Insert for 
full prescribing information. 


Bacteria remain 

highly sensitive 

In a survey of published studies on 
resistance to gentamicin, 
Weinstein and co-workers% report 
little change in bacterial sensitivity 
since 1963. The percentage of 
sensitive strains of virtually all gram- 
negative pathogens remains high. 


In serious postoperative infections 
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WARNING 

Patients treated with GARAMYCIN Injectable 
should be under close clinical observation 
because of the potential toxicity associated with 
the use of this drug. 

Ototoxicity, both vestibular and auditory, can 
occur in patients, primarily those with pre-existing 


renal damage, treated with GARAMYCIN Injectable, 
usually for longer periods or with higher doses 
than recommended. 
GARAMYCIN Injectable is potentially nephrotoxic, 
and this should be kept in mind when it is used 
in patients with pre-existing renal impairment. 
Monitoring of renal and eighth nerve function is 


Gara 


gentamicin 
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injectable 
LM./LN. 


40 mg. per cc. 
Each cc. contains gentamicin sulfate 


recommended during therapy of patients with 
known impairment of renal function. This testing 
is also recommended in patients with normal 
renal function at onset of therapy who develop 
evidence of nitrogen retention (increasing BUN, 
NPN, creatinine or oliguria). Evidence of 
ototoxicity requires dosage adjustments or 
discontinuance of the drug. 

In event of overdose or toxic reactions, 
peritoneal dialysis or hemodialysis will aid in 
removal of gentamicin from the blood. 

Serum concentrations should be monitored 
when feasible and prolonged concentrations above 
12 mcg./ml. should be avoided. 


equivalent to 40 mg. gentamicin 





Concurrent use of other neurotoxic and/or 
nephrotoxic drugs, particularly streptomycin, 
neomycin, kanamycin, cephaloridine, viomycin, 
polymyxin B, and polymyxin E (colistin), should 
be avoided. 

The concurrent use of gentamicin with potent 
diuretics should be avoided, since certain diuretics 
by themselves may cause ototoxicity. In addition, 
when administered intravenously, diuretics may 
Cause a rise in gentamicin serum level and 
potentiate neurotoxicity. 


USAGE IN PREGNANCY Safety for use in 
pregnancy has not been established. 


in serious postoperative infections... 


get the 24-hour head start with 


Garamycin® Injectable 

brand of gentamicin sulfate U.S.P., injection, 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
For Parenteral Administration 


WARNING: Patients treated with GARAMYCIN Injectable should be 
under close clinical observation because of the potential toxicity 
associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur in patients, 
primarily those with pre-existing renal damage, treated with GARA- 
MYCIN Injectable, usually for longer periods or with higher doses 
than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this should 
be kept in mind when it is used in patients with pre-existing renal 
impairment. 

Monitoring of renal and eighth nerve function is recommended 
during therapy of patients with known impairment of renal function. 
This testing is also recommended in patients with normal renal func- 
tion at onset of therapy who develop evidence of nitrogen retention 
(increasing BUN, NPN, creatinine or oliguria). Evidence of ototoxicity 
requires dosage adjustments or discontinuance of the drug. 

in event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible and 
prolonged concentrations above 12 mcg./ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic drugs, par- 
ticularly streptomycin, neomycin, kanamycin, cephaloridine, vio- 
mycin, polymyxin B, and polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin with potent diuretics should be 
avoided, since certain diuretics by themselves may cause toxicity. 
In addition, when administered intravenously, diuretics may cause 
a rise in gentamicin serum level and potentiate neurotoxicity. 
eal EPERE Safety for use in pregnancy has not been 
established. 


INDICATIONS GARAMYCIN Injectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: 

Pseudomonas aeruginosa, Proteus species (indole-positive and indole- 
negative), Escherichia coli and Kiebsiella-Enterobacter-Serratia species. 

Clinical studies have shown GARAMYCIN Injectable to be effective in 
septicemia and serious infections of the central nervous system (menin- 
gitis), urinary tract, respiratory tract, gastrointestinal tract, skin and 
soft tissue (including burns). 

Bacteriologic tests to determine the causative organisms and their sus- 
ceptibility to gentamicin should be performed. 

Bacterial resistance to gentamicin develops slowly in stepwise fashion; 
there have been no one-step mutations to high resistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN may be 
considered as. initial therapy. The decision to continue therapy with this 
drug should be based on the results of susceptibility tests, the severity of 
the infection, and the important additional concepts contained in the 
Warning Box. In the neonate with suspected sepsis or staphylococcal 
pneumonia, a penicillin type drug is usually indicated as concomitant 
antimicrobial therapy. 

GARAMYCIN Injectable has been shown to be effective in serious staph- 
ylococcal infections. It may be considered in those infections when peni- 
cillins or other less potentially toxic drugs are contraindicated and 
bacterial susceptibility testing and clinical judgment indicate its use. 


CONTRAINDICATIONS A history of hypersensitivity to gentamicin is a 
contraindication to its use. 


WARNINGS See Warning Box. 


PRECAUTIONS Neuromuscular blockade and respiratory paralysis have 
been reported in the cat receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in man should be considered 
if gentamicin is administered to patients receiving neuromuscular block- 
ing agents such as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in overgrowth of nonsusceptible 
organisms. If this occurs, appropriate therapy is indicated. 


ADVERSE REACTIONS 

Nephrotoxicity: Adverse renal effects, as demonstrated by rising BUN, 
NPN, serum creatinine and oliguria, have been reported. They occur more 
frequently in patients with a history of renal impairment treated with 
larger than recommended dosage. 


Neurotoxicity: Adverse effects on both vestibular and auditory branches 
of the eighth nerve have been reported in patients on high dosage and/or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring 
in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, and convulsions have also 
been reported. 


Note: The risk of toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable at higher doses or for 
longer periods of time than recommended. 

Other reported adverse reactions, possibly related to gentamicin, in- 
clude increased serum transaminase (SGOT, SGPT), increased serum bili- 
rubin, transient hepatomegaly, decreased serum calcium; splenomegaly, 
anemia, increased and decreased reticulocyte counts, granulocytopenia, 
thrombocytopenia, purpura; fever, rash, itching, urticaria, generalized 
hurning inint nain larvnoeal adema: nausea. vomiting. headache. increased 





salivation, lethargy and decreased appetite, weight 
be pulmonary fibrosis, hypotension and hyper- 
ension. 


DOSAGE AND ADMINISTRATION GARAMYCIN In- 
jectable may be given intramuscularly or intra- 
venously. 


For Intramuscular Administration: 
PATIENTS WITH NORMAL RENAL FUNCTION* 

Adults: The recommended dosage for GARAMYCIN Injectable for pa- 
tients with serious infections and normal renal function is 3 mg./kg./day, 
administered in three equa! doses every 8 hours. 

For patients weighing over 60 kg. (132 Ib.), the usual dosage is 80 mg. 
(2 cc.) three times daily. For patients weighing 60 kg. (132 |b.) or less, 
the usual dose is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dosages up to 5 mg./kg./ 
day may be administered in three or four equal doses. This dosage should 
be reduced to 3 mg./kg./day as soon as Clinically indicated. 

*In children and infants, the newborn, and patients with impaired renal 
function, dosage must be adjusted in accordance with instructions set 
forth in the Package Insert. 
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For Intravenous Administration: 

The intravenous administration of GARAMYCIN Injectable is recom- 
mended in those circumstances when the intramuscular route is not feasi- 
ble (e.g., patients in shock, with hematologic disorders, with severe 
burns, or with reduced muscle mass). 

For intravenous administration, in adults, a single dose of GARAMYCIN 
Injectable may be diluted in 100 or 200 cc. of sterile normal saline or in 
a sterile solution of dextrose 5% in water; in infants and children, the 
volume of diluent should be less. The concentration of gentamicin in solu- 
tion, in both instances should normally not exceed 1 mg./cc. (0.1%). The 
solution is infused over a period of 1 to 2 hours. 

The recommended dose for intravenous administration is identical to 
that recommended for intramuscular use. 

GARAMYCIN Injectable should not be physically pre-mixed with other 
drugs, but should be administered separately in accordance with the 
recommended route of administration and dosage schedule. 


HOW SUPPLIED GARAMYCIN Injectable, 40 mg. per cc., 2 cc. multiple- 

dose vials for parenteral administration. 
Also available, GARAMYCIN Pediatric Injectable, 10 mg. per cc., 2 cc. 
multiple-dose vials for parenteral administration. APRIL, 1972 
AHFS Category 8:12.28 


For more complete prescribing details, consult Package Insert or Physi- 
cians’ Desk Reference. Schering literature is also available from your 
Schering Representative or Professional Services Department, Schering 
Corporation, Kenilworth, New Jersey 07033. 


References: 1. Altemeier, W. A.: Current infection problems in surgery, in 
Nosocomial Infections, Conference Proceedings—1970, American Hospital 
Association, Chicago, IIl., 1971, p. 82. 2. Scheckler, W. E.; Garner, L. S.3 
Kaiser, A. B., and Bennett, J. V.: Prevalence of infections and antibiotic 
usage in eight community hospitals, ibid., p. 299. 3. Fekety, F. R., Jr.: Noso- 
comial infections, Postgrad. Med. 50:115, 1971. 4. Johnson, J. E., lil: Wound 
infections, Postgrad. Med. 50:126, 1971. 5. Bach, J. L.: Gram-negative infec- 
tions rising, Modern Hospital, August 1969, p. 112. 6. Cox, C. E.: Gentamicin, 
M. Clin. North America 54:1305, 1970. 7. Finland, M.: Gentamicin: Antibac- 
terial activity, clinical pharmacology and clinical applications, M. Times 
97:161, 1969. 8. Hoeprich, P. D.: New antimicrobics for the treatment of 
infections caused by gram-negative bacilli, M. Clin. North America 51:1127, 
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of pulmonary infections, J. Infect. Dis. 119:483, 1969. 12. Cox, C. E.: Genta- 
micin, a new aminoglycoside antibiotic: Clinical and laboratory studies in 
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Moss, E. L., Jr., and Waitz, J. A.: Microbiologic studies related to bacterial 
resistance to gentamicin, J. Infect. Dis. 124:S11, 1971. SLR-317R 









injectable 


40 mg. per cc. 
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gentamicin sulfate 
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gentamicin 
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When life 
hangs on protein intake... 


FreAmine is life-supportive; 








mixed ina 1 to 1 ratio with 50% dextrose 
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FreAmine is the most concentrated 
parenteral source of amino acids 
obtainable for the prevention 
and treatment of negative nitro- 
gen balance. It is a unique mix- 
ture of 8 essential and 7 non- 
essential amino acids, in 
pure crystalline form to in- 
sure immediate biologic 
availability without sig- 
nificant waste. 







completely utilizable nitrogen and 
39 g. of protein equivalent per 
1,000 ml, plus 850 total non- 


protein calories. 

















FreAmine is furnished in a 
ready-to-mix kit containing 
everything necessary for 

‘\\ basic hyperalimenta- 
tion, including 50% dex- 
trose in water. Find out 
more about how McGaw 
puts it all together — with 
life-supporting I.V. nutrition 
in convenient kit form. 
Contact your McGaw repre- 
sentative or write for 
free brochure. 


FreAmine promotes 
anabolism and tissue 
synthesis even during 
extended periods of I.V. 
nutrition. Its formula 
is based on the two 
international protein 


standards. When 
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* 
With adequate calories and 


other nutrients, when oral 
alimentation is not feasible for 
prolonged periods and/or 
there is impaired gastro- 
intestinal absorption of protein. 





McGaw puts it all together. 


DESCRIPTION: Each 100 ml. contains: FreAmine Amino Acid 
Mixture*, 8.5 g; Sodium Bisulfite, U.S.P., less than 0.10 g.; Water 
for Injection, U.S.P. q.s., pH adjusted with acetic acid (approxi- 
mately 20 mEq./1. Acetate). 
Approximate concentration of amino acids (g./100 ml.): 
Essential Amino Acids: t-Isoleucine 0.59; t-Leucine 0.77: L-Lysine 
HCl 0.77; Methionine 0.45; -Phenylalanine 0.48; -Threonine 
0.34; L-Tryptophan 0.13; -Valine 0.56. 
Nonessential Amino Acids: -Alanine 0.60; -Arginine 0.31; 
t-Histidine 0.24; t-Proline 0.95; -Serine 0.50; Aminoacetic Acid 
(Glycine) 1.8; t-Cysteine * HCI * H2O <0.02. Alpha amino nitro- 
gen greater than 80% of total nitrogen present. Concentration of 
Electrolytes (mEq./1.): Sodium 10, Chloride 45. 
8.5% FreAmine Solution is a sterile, nonpyrogenic solution con- 
taining pure crystalline amino acids. A 500 ml. unit provides a 
total of 39 g. of protein equivalent and 6.25 g. of nitrogen. 
ACTIONS: 8.5% FreAmine Solution provides, in concentrated 
form, a physiological ratio of completely utilizable amino acids 
for protein synthesis. Used with concentrated carbohydrate solu- 
tions, e.g., 20 to 50% dextrose solutions, as a source of calories 
plus electrolytes and vitamins, it provides total parenteral nutri- 
tion. 
INDICATIONS: As an adjunct in the prevention of nitrogen loss, 
or in the treatment of negative nitrogen balance in patients 
where: (1) oral alimentation is not feasible for prolonged periods, 
and (2) there is impaired gastrointestinal absorption of protein. 
CONTRAINDICATIONS: 1. Anuria. 2. Hepatic coma. 
WARNINGS: Administration of amino acids to a patient with 
hepatic or renal insufficiency may result in a rise in blood am- 
monia or urea nitrogen. Rare instances of typically asymptomatic 
hyperammonemia have been reported in patients with no evi- 
dence of liver dysfunction receiving total parenteral nutrition. 
Since it appears dose-related, and more likely to develop in in- 
fants on prolonged total parenteral nutrition, conservative doses 
of amino acids should be given and blood ammonia periodically 
measured. If symptomatic hyperammonemia should develop, the 
nitrogen-containing solution should be discontinued and the pa- 
tient’s clinical status reevaluated. 
The safe use of FreAmine in pregnant women has not been 
demonstrated. 
PRECAUTIONS: It is essential to provide adequate calories for 
utilization of amino acids. 
Hypertonic nutrient solutions should be administered through an 
indwelling intravenous catheter with the tip located in the supe- 
rior vena cava. 
HYPERALIMENTATION COMPLICATIONS: Potentially danger- 
ous complications can be minimized by adherence to a careful 
protocol by an experienced team of pharmacist, nurse, and physi- 
cian. 
To prevent sepsis, rigid aseptic technique must be used in solu- 
tion preparation and catheter placement and care. 
The catheter dressing should be aseptically changed every 2-4 
days and whenever contamination is suspected. 
Consult clinical literature for discussion of management of sepsis 
during hyperalimentation. 
The following metabolic complications have been reported: meta- 
bolic acidosis, hypophosphatemia, alkalosis, hyperglycemia and 
glycosuria, osmotic diuresis and dehydration, rebound hypo- 
glycemia, elevated liver enzymes, and electrolyte imbalances. 
Frequent clinical evaluation and laboratory determinations are 
necessary to prevent or minimize these complications, 
ADVERSE REACTIONS: Rare instances of hyperammonemia (see 
Warnings), and minor local reactions consisting of a warm sen- 
sation and erythema when FreAmine and hypertonic dextrose 
were administered by peripheral vein, have been reported. 
DOSAGE AND ADMINISTRATION: Recommended Dietary Al- 
lowances of protein are approximately 0.9 g. per kilogram of body 
weight for a healthy adult and 1.4 to 2.2 g. per kilogram for 
healthy growing infants and children.** Requirements in trauma 
or malnutrition may be substantially increased. During hyper- 
alimentation daily doses of approximately 1.0 to 1.5 g. per kilo- 
gram of body weight for adults and 2 to 3 g. per kilogram of 
body weight for infants are generally sufficient. 
Calorie-to-nitrogen ratios of at least 100 to 150 nonprotein cal- 
ories per gram of nitrogen have been recommended and may be 
provided by concentrated dextrose. 
Sufficient vitamins, electrolytes, principally potassium, magne- 
sium, and phosphate, as well as sodium, calcium, and chloride, 
must be given. Calcium and phosphate may be added to alternate 
infusate bottles to avoid precipitation, and sodium and potassium 
added as acetate or lactate salts to provide bicarbonate precursor. 
Serum electrolytes must be monitored frequently. 
In adults, hypertonic mixtures may be safely administered only 
by continuous infusion through a central venous catheter with 
the tip located in the vena cava. 500 ml. of 8.5% FreAmine Solu- 
tion, appropriately mixed with dextrose, electrolytes, and vita- 
mins, is typically administered over an eight-hour period. Ad- 
ministration rate is governed by protein requirements and glu- 
cose tolerance. Advance dosage slowly with frequent determina- 
tion of urine and blood sugar levels. 
To prevent rebound hypoglycemia, 5% dextrose should be ad- 
ministered when hypertonic dextrose infusions are abruptly dis- 
continued. 
PEDIATRIC DOSAGE AND ADMINISTRATION: Small infants 
(up to 10 kg.) on total parenteral nutrition generally receive 2 to 
3 g. of protein, 100 calories, and 120 to 150 ml. of fluid per kg. of 
body weight per day, provided in a solution of approximately 
2s% FreAmine in 20% dextrose. Advance dosage slowly with 
frequent monitoring. (See Warnings above) 
Large infants and children generally require 50 to 80 calories per 
kg. per day. 
ROUTE: Intravenous. 
CAUTION: Federal (U.S.A.) law prohibits dispensing without 
prescription. 
HOW SUPPLIED: 8.5% FreAmine Solution is supplied sterile and 
nonpyrogenic in 500 ml. intravenous infusion bottles. 
*Crystalline amino acid mixture, isolated and purified from edi- 
ble soybean hydrolysate or synthesized. 
**500 ml. of 8.5% FreAmine Solution contains 6.25 g. of nitro- 
gen, and the equivalent of 39 g. of protein. 


McGAW LABORATORIES 


Division of Amer Hospital Supply Corporation 
Glendale, California = Milledgeville, Georgia 


SOOTHE WITHOUT 
SENSITIZING 


Tucks pads soothe and comfort two ways after 
anorectal surgery, with no potentially sensitizing 
caine’ type anesthetic. As a wipe, these soft 
cotton flannel pads gently, yet thoroughly cleanse 
as they soothe. As a cooling compress they relieve 
post-operative discomforts. And they can be used 
as often as needed with minimum risk of 
sensitization or over-treatment 


The solution is 50% witch hazel and 10% glycerine, 
buffered to pH 4.6 to maintain the natural skin 
acid level 


_ Trust Tucks for prompt relief of post-operative 
discomforts. And let your patients use them often 
Send for a trial clinical supply on your Rx 


*The Committee on Pre. and Postoperatıve Care. American 
College of Surgeons Manual of Preoperative and 
Postoperative Care, Second Edition W B Saunders Ci 


Philadelphia, Pa. 1971. p 423 


FULLER LABORATORIES. INC. 
Eden Prairie, Minnesota 55343 
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Pe important 
in the 
hospital 


just 
as useful 
in the 


office 





Wide usage in the hospital 

Its wide usage in the hospital qualifies 
Keflex as a dependable oral antibiotic 
for use in the office. 


Effective in an important range of 
infections 

Keflex is appropriate in a variety of 
infections that are treated in office 
practice: 

Respiratory infections such as 
bronchitis, pneumonia, and 
bronchopneumonia due to susceptible 
strains of Diplococcus pneumoniae 

Urinary tract infections caused by 
susceptible strains of Escherichia coli, 
Proteus mirabilis, or Klebsiella sp. 

Skin and soft-tissue infections due to 
susceptible strains of staphylococci, 
including coagulase-positive, coagulase- 
negative, and penicillinase-producing 
strains 


High blood levels, bactericidal 
activity in vitro 

With Keflex, peak serum levels are 
reached in one hour. For example, 
following a single 500-mg. dose, average 
peak serum levels are approximately 

18 mcg. per ml. 

In addition, in-vitro studies 
demonstrate that the cephalosporins 
exhibit bactericidal activity (by 
inhibition of cell-wall synthesis) against 
susceptible organisms. (The in-vivo 
mechanism cannot be determined, of 
course, because no method exists for 
clinical demonstration. ) 


Acid stable, rapidly absorbed 


Because Keflex is acid stable, it may be 
given without regard to meals. 
Furthermore, it is rapidly absorbed after 
oral administration. 


A good choice in the office 


There are a host of reasons for 
prescribing Keflex with confidence in the 
office. That’s why it is so often a good 
first choice when indicated. 


Note: Keflex is contraindicated in 
patients with known allergy to 
cephalosporins and should be used with 
great caution in patients allergic to 
penicillin. The most frequent side-effects 
are gastro-intestinal. 


Prescribing Information 

Description: Keflex is a semisynthetic cephalo- 
sporin antibiotic intended for oral administration. 
It is 7-(D-a-amino-a-phenylacetamido)-3-methy]- 
3-cephem-4-carboxylic acid, monohydrate. 
Actions: Human Pharmacology—Keflex is acid 
stable and may be given without regard to meals. 
It is rapidly absorbed after oral administration. 
Following doses of 250 and 500 mg., average peak 
serum levels of approximately 9 and 18 mcg. per 
ml. respectively were obtained at one hour. Meas- 
urable levels were present six hours after admin- 
istration. Over 90 percent of the drug is excreted 
unchanged in the urine within eight hours. Peak 
urine concentrations are approximately 1,000 mcg. 
per ml. during this period following a 250-mg. 
dose. 

Microbiology—In-vitro tests demonstrate that 
the cephalosporins are bactericidal because of 
their inhibition of cell-wall synthesis. Keflex is 
active against the following organisms in vitro: 

Beta-hemolytic streptococci/Staphylococci, in- 

cluding coagulase-positive, coagulase-negative, 

and penicillinase-producing strains/Diplococcus 
pneumoniae/Escherichia coli/Proteus mirabilis/ 

Klebsiella sp. 

Note—Most strains of enterococci (Streptococ- 
cus faecalis) and a few strains of staphylococci are 
resistant to Keflex. It is not active against most 
strains of Enterobacter sp., Pr. morganii, and Pr. 
vulgaris. It has no activity against Pseudomonas 
or Herellea species. When tested by in-vitro 
methods, staphylococci exhibit cross-resistance 
between Keflex and methicillin-type antibiotics. 
Indications: Keflex is indicated for the treatment 
of the following infections when caused by suscep- 
tible strains of the designated micro-organisms: 

Respiratory tract infections caused by D. pneu- 

moniae and group A beta-hemolytic strepto- 
cocci (Penicillin is the usual drug of choice in 
the treatment and prevention of streptococcal 
infections, including the prophylaxis of rheu- 
matic fever. Keflex is generally effective in the 
eradication of streptococci from the naso- 
pharynx; however, substantial data establish- 
ing the efficacy of Keflex in the subsequent 
prevention of rheumatic fever are not avail- 
able at present.) 

Skin and soft-tissue infections caused by 

staphylococci and/or streptococci 

Genito-urinary tract infections, including acute 

prostatitis, caused by Esch. coli, Pr. mirabilis, 
and Klebsiella sp. 

Note—Culture and susceptibility tests should be 
initiated prior to and during therapy. Renal func- 
tion studies should be performed when indicated. 
Contraindication: Keflex is contraindicated in 
patients with known allergy to the cephalosporin 
group of antibiotics. 


Warnings: IN PENICILLIN-ALLERGIC PATIENTS, 


CEPHALOSPORIN C DERIVATIVES SHOULD BE USED 
WITH GREAT CAUTION. THERE IS CLINICAL AND 
LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS, AND THERE ARE INSTANCES 
OF PATIENTS WHO HAVE HAD REACTIONS TO 
BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS 
AFTER PARENTERAL USE). 

Any patient who has demonstrated some form 
of allergy, particularly to drugs, should receive 
antibiotics cautiously and then only when abso- 
lutely necessary. No exception should be made 
with regard to Keflex. 


® 
®Keflex =: 
| Pulvules® 


Cephalexin monohydrate 


Usage in Pregnancy—Safety of this product for 
use during pregnancy has not been established. 
Precautions: Patients should be followed carefully 
so that any side-effects or unusual manifestations 
of drug idiosyncrasy may be detected. If an allergic 
reaction to Keflex occurs, the drug should be dis- 
continued and the patient treated with the usual 
agents (e.g., epinephrine, antihistamines, pressor 
amines, or corticosteroids). 

Prolonged use of Keflex may result in the over- 
growth of nonsusceptible organisms. Careful ob- 
servation of the patient is essential. If superinfec- 
tion occurs during therapy, appropriate measures 
should be taken. 

Positive direct Coombs tests have been reported 
during treatment with the cephalosporin anti- 
biotics. In hematologic studies or in transfusion 
cross-matching procedures when antiglobulin 
tests are performed on the minor side or in 
Coombs testing of newborns whose mothers have 
received cephalosporin antibiotics before parturi- 
tion, it should be recognized that a positive 
Coombs test may be due to the drug. 

Keflex should be administered with caution in 
the presence of markedly impaired renal function. 
Under such conditions, careful clinical observation 
and laboratory studies should be made because 
safe dosage may be lower than that usually recom- 
mended. 

Indicated surgical procedures should be per- 
formed in conjunction with antibiotic therapy. 

As a result of administration of Keflex, a false- 

positive reaction for glucose in the urine may 
occur. This has been observed with Benedict's and 
Fehling’s solutions and also with Clinitest® tablets 
but not with Tes-Tape® (urine sugar analysis 
paper, Lilly). 
Adverse Reactions: Gastro-Intestinal—The most 
frequent side-effect has been diarrhea. It was very 
rarely severe enough to warrant cessation of ther- 
apy. Nausea, vomiting, dyspepsia, and abdominal 
pain have also occurred. 

Hypersensitivity —Allergies (in the form of rash, 
urticaria, and angioedema) have been observed. 
These reactions usually subsided upon discontinu- 
ation of the drug. 

Other reactions have included genital and anal 
pruritus, genital moniliasis, vaginitis and vaginal 
discharge, dizziness, fatigue, and headache. Eosin- 
ophilia, neutropenia, and slight elevations in 
SGOT and SGPT have been reported. 
Administration and Dosage: Keflex is adminis- 
tered orally. The adult dosage ranges from 1 to 4 
Gm. daily in divided doses. The usual adult dose 
is 250 mg. every six hours. For more severe infec- 
tions or those caused by less susceptible organ- 
isms, larger doses may be needed. If daily doses of 
Keflex greater than 4 Gm. are required, parenteral 
cephalosporins, in appropriate doses, should be 
considered. 

The recommended daily dosage for children is 
25 to SO mg. per Kg. divided into four doses. 

In severe infections, the dosage may be doubled. 

In the treatment of beta-hemolytic streptococcal 
infections, a therapeutic dosage of Keflex should 
be administered for at least ten days. 

How Supplied: Pulvules® Keflex® (cephalexin 
monohydrate, Lilly), equivalent to 250 or 500 mg. 
cephalexin, in bottles of 24 and 100 and in Identi- 
Dose® (unit dose medication, Lilly) in boxes of 100. 

Keflex, for Oral Suspension, equivalent to 125 
mg. cephalexin per 5-ml. teaspoonful, in 60 and 
100-ml.-size packages and in Identi-Dose in pack- 
ages of 100. 

Keflex, for Pediatric Drops, equivalent to 100 
mg. cephalexin per ml. (5 mg. per drop), in 10-ml.- 
size packages, with dropper calibrated at 25 and 


50 mg. [121172] 


so often a good first choice 


Additional information available to the profession on request. 
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Eli Lilly and Company e Indianapolis, Indiana 46206 
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When parenteral analgesia 
iS NO N required, 


EmpirigeCompound with 
Codeine usually provides the 
relief needed. 
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Empirin Compound with 
Codeine is effective for 


visceral as well as soft tissue = 
pain—provides an antitussive É 
bonus in addition to its a 
prompt, predictable 
analgesia. w 
eN A 
ww "Ny 


ill prescribing convenience: 
up to 5 refillsin6months, _~ 
at your discretion (unless as 
restricted by state law); by 
telephone order in many states. 7 


Empirin Compound with “" 
Codeine No. 3, codeine 

phosphate* 32.4 mg. (gr. Y2); 

No. 4, codeine phosphate* 

64.8 mg. (gr. 1).*Warning — 

may be habit-forming. Each 

tablet also contains: aspirin 

gr. 3⁄2, phenacetin gr. 22, 

caffeine gr. 1⁄2. 


heat Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome / North Carolina 27709 
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OMPOUND 
CODEINE 


#3, codeine phosphate* (32.4 mg.) gr. Y2 
#4, codeine phosphate* (64.8 mg.) gr. 1 
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A Monthly Review of 


Surgical Science and Practice 
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May and June numbers contain papers delivered at 
THE 84th ANNUAL SESSION 
of the 
SOUTHERN SURGICAL ASSOCIATION 
Boca Raton, Florida, December 4-6, 1972 
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Drug-Induced Constipation 


Many of the widely prescribed drug categories—antacids, 
analgesics, barbiturates, tranquilizers, diuretics, hematinics, antihis- 
tamines, anticholinergics, antispasmodics, narcotics, muscle relax- 
ants, antihypertensives, antidepressants— may interfere with the 
regular bowel action. 


The value of SENOKOT Tablets/Granules has been clearly 
demonstrated in drug-induced or drug-aggravated constipation. In 5 
Studies* SENOKOT therapy was effective in 98.5% of 613 cases. 

When an essential drug you prescribe induces or aggravates 
constipation, Rx or recommend a SENOKOT laxative product. Com- 
patible with antacids, clinically tested, shown not to interfere with the 
action of numerous drugs, it is the natural choice to keep things mov- 
ing gently, comfortably, effectively. 


Supplied: SENOKOT Tablets (Small, easy-to-swallow)—Bottles 
of 50 and 100. SENOKOT Granules (delicious, cocoa-flavored)—4, 8 
and 16 ounce (1 Ib.) canisters. 


"References on request. 


Counteract with Senokot 


(standardized senna concentrate) 


Tablets/ Granules 
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When a Dulcolax suppository 
puts its gentle touch on the 
colon, normal peristalsis 
begins throughout the large 
intestine, with evacuation 
often in as few as 15 minutes. 
Dulcolax lets you or your 
patient dictate the time and 
the place. And almost anyone 
can take Dulcolax —its only 
contraindication is acute 
surgical abdomen. 


Dulcolax’ 


bisacodyl NF 


Suppositories ...to replace 
the enema 
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Boehringer Ingelheim Ltd. 
Elmsford. N.Y. 10523 


Meet the BETADINE ‘‘Disposables’’—three convenient, single-use microbicidal products 
designed to simplify antiseptic application. ..while providing you with these outstanding 
advantages: * microbicidal, not merely bacteriostatic « kill bacteria, fungi, viruses, protozoa and 
yeasts « virtually nonstinging and nonirritating to skin, wounds and mucous membranes 
e maintain germicidal activity in presence of blood, pus, serum and necrotic tissue. 


for Professional and Hospital nod 4 





BETADINE Antiseptic 
GAUZE PAD 


Topical microbicidal dressing (3” x 9”), 


impregnated with the same active ingre- 


dient as in BETADINE Solution... for 
prevention and treatment of surface in- 
fections... for degerming the skin and 
disinfection of wounds, burns, lacera- 
tions and abrasions. 


Purdue Frederick 


© COPYRIGHT 1972, THE PURDUE FREDERICK COMPANY/YONKERS 


For Professional and Haspital Lise 





disposable 


BETADINE" 


Solution 
SWABSTICKS 


ovidone-iodine | 
: CIDAL 


ANTISEPTIC. GERMI 
APPLICATOR Ti 
Virtually nonstingng 
Nonstaining bt skin and 
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BETADINE Solution 
SWABSTICKS 


Antiseptic applicator tips for 
hard-to-reach areas (including 
folds and creases) where micro- 
bicidal action must be pinpointed 
toa small site... prior to such 
procedures as injections, aspira- 
tions, surgery and urinary cathe- 
terization; in disinfection of 
wounds; preoperative oral de- 
germing; topical skin prepara- 
tion for dressing changes. 


N.Y. 10701 117272 6842A 





BETADINE Solution 
SWAB AID 


Small, single-use antiseptic pad 
for prompt degerming of small 
skin areas prior to such proce- 
dures as injections, aspirations, 
catheterization and surgery... 
and in cuts, minor wounds, 
burns, lacerations and abrasions. 
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“control... hours grow long ... hands have to tire sometime 


... how soon? Gloves can be a fatigue factor. That's why 
TRAVENOL is making TRIFLEX® surgeon's gloves on a new 
patented mold that makes a better fitting glove. 

There's built-in sensitivity in TRIFLEX soft-dipped latex. 
Matte finish means a higher co-efficient of friction. The outer 
glove surface is less slippery when wet, and it won't get tacky. 

PowderlN processing cures powder right onto the inside 
surface. Try the dark suit powder demonstration test with your 
TRAVENOL representative. 

Each pair is packaged in a handy waterproof plastic 
tray with Tyvek* lid. A surgeon’s hands need all the 
help they can get. They need TRIFLEX surgeon’s 
gloves. 


Recognition for the independent thumb 
The contour molded thumb means more freedom 


from strain and stress caused by restrictive 2-plane 
molded gloves. *® DuPont 





CAUTION: After donning, remove powder by wiping gloves 


thoroughly with a sterile wet sponge, sterile wet towel, or other 
effective method. 


TRAVENOL LABORATORIES, INC. 


$ Deerfield, Illinois 60015 
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He n When Pain 
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A Cries for Relief! 
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Ti Start oral DILAUDID (hydromorphone) 
ij 2 to 4 mg. every four hours... to 
alleviate moderate to severe pain... 
well tolerated... minimal sedation 


CONTRAINDICATIONS: Intracranial lesions associated with increased intracranial 
pressure, status asthmaticus. WARNINGS: May be habit forming. If given intravenously, 
injection should be given very slowly. PRECAUTIONS: Usual precautions for admini- 
stration of opiate analgesics should be observed; the possibility of respiratory 
depression should be kept in mind. If significant respiratory depression should occur, 
it may be antagonized by the use of nalorphine hydrochloride or levallorphan tartrate. 
ADVERSE REACTIONS: Nausea, vomiting, dizziness, somnolence, anorexia and consti- 
pation may occur. Rapid intravenous injection increases the possibility of hypotension 
and respiratory depression. HOW SUPPLIED: Tablets —1 mg., 2 mg., 3 mg., 4 mg. 
Rectal Suppositories — 3 mg. in cocoa butter base. Ampules — 1 ml., 1 mg., 2 mg., 
3 mg., and 4 mg. per mi. with 0.2% sodium citrate, 0.2% citric acid solution. Cough 
Syrup — 1 mg. Dilaudid hydrochloride and 100 mg. glyceryl guaiacolate per 5 ml. 


A Schedule II (@) narcotic. Requires Federal BND order form. 
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KNOLL PHARMACEUTICAL COMPANY . WHIPPANY, NEW JERSEY 07981 
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Notice to Contributors and Subscribers 


The ANNALS OF SURGERY considers for publica- 
tion original articles only, papers which offer sig- 
nificant contributions to the advancement of sur- 
gical knowledge. 


CONTRIBUTIONS. Original typed manuscripts 
and illustrations, plus three copies and 3 sets of 
illustrations, exchanges and book reviews should 
be forwarded prepaid, at the author's risk, to the 
Chairman of the Editorial Board of the ANNALS 
OF SURGERY: 


Jonathan E. Rhoads, M.D. 
1000 Ravdin Institute, 3400 Spruce St. 
Philadelphia, Pa. 19104 


Manuscripts, as well as list of references, should 
be typed double spaced on one side of he paper, 
leavi ing wide margins. While every effort will be 
made io guard against loss, it is advised that au- 
thors retan copies of manuscripts submitted. The 
complete address for reprint requests should be 
included in the title page. All pages should be 
numbered. 


Digits one to ten should be spelled out, ex- 
cept when used for units of measurement (time, 
weight, volume, dosage, degrees) percentage, or 
when decimals are involved: for numbers above 
ten, numerals should be used. Dorland’s Medical 
Dictionary and Webster's International Diction- 
ary may be used as standard references. Scientific 
names for drugs should be used when possible. 
Copyright or trade names of drugs should be cap- 
italized. Units of measurement, dosage, 
should be expressed in the metric system. Tem- 
perature should be expressed in degrees centi- 
grade, Contributions in a foreign language, when 


accepted, will be translated and published in 
English. 


Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to satablich a reasonable limit upon the 
nüniber supplied. Colored illustrations will be 
published at the author's expense. Black and 
white photographs should be in the form of glossy 
prints. Line and wash drawings should be black 
on white paper, with lettering | in black india ink, 
large enough to be readable after necessary re- 


e.g., 


duction. Large or bulky illustrations should be ac- 
companied by smaller glossy reproductions of the 
same, to facilitate their circulation among the re- 
viewing members of the editorial board. Illustra- 
tions should be numbered, the tops indicated, and 
the authors name and the title of the article in 
brief appear on the back. A separate typewritten 
sheet of legends for the illustrations should be 


supplied. 


A bibliography of numbered references in al- 
phabetical order should appear at the end of the 
manuscript with corresponding numbering i in the 
text. Bibliographies should conform to the style 
of the Index Medicus with the exception that the 
last page number should be omitted, viz: author s 
name, title of article, name of journal, volume 
number, first page 7 and year of publica- 
tion in the order named. 


PUBLISHER'S NOTICES 


CHANGE oF ADDRESS: Please allow 60 days be- 
fore date of issue for change of address. Notifica- 
tion should include the old as well as the new 
address, with indication of whether the change is 
temporary or permanent. Please give the name of 
the journal. 


Copies will not be replaced without charge 
unless we receive a request within 60 days of ihe 
mailing in the U. S. or within 90 days in all other 
countries. 


BUSINESS ADDRESS: Subscriptions, reprints, ad- 
vertising, and all business communications should 
be addressed to: 


ANNALS OF SURGERY 


J. B. Lippincott Co. 
East Washington Square 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates $20.00 
per year in the U. S., its possessions and Canada. 
All other countries $23.00. All prices include post- 
age. Single issues $3.00. Rate for Residents, U. S. 
only, $14.00. 


The publishers accept no responsibility for 
opinions expressed by contributors. 





Our 

support hosiery 

looks funny 
for some 


very serious 
reasons. 


Compare Parke-Davis Elastic Support 
Hosiery with another brand—one you may now 
be recommending. See for yourself why ours 
p best provides these important advantages. 








1. True, controlled graduated compression 
means greater support at the foot and 
ankle, and gradually less support higher up 
the leg. Ours obviously provides this feature. 


2. Two-way stretch is woven into the Incidentally, P ar ke-Davis 
hosiery from bottom to top. So there’s no Elastic Support Hosiery is made for 
need for a tourniquet-like band at the top to women, too. Panty hose included. 


help keep the hosiery up. Ours obviously A complete range of sizes and 
provides this feature. sheerness. Better looking 


than men’s hosiery—but still 
3. Medically-correct design matches the medically correct. 


needs of the patient with vascular disease of Seriously, isn’t that beautiful? 
the lower extremities. Ours obviously 


> provides this feature. PARKE-DAVIS 
Result: our support hosiery does what ELASTIC SUPPORT HOSIERY 


support hosiery should do. It helps prevent They look funny- 

edema. Minimizes venous pooling of blood. until you 

Helps reduce the leg pain associated with put them on. 

varicosities. Parke, Davis & Company Ħ Detroit, Michigan 48232 
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SPARTAisnew but.. 


300-505 Metzenbaum Scissors 


320-425 Ochsner Hemostat 





370-4041 Graves Speculum 





330-555 Green Retractor 


Long on experience 
Extensive On product line 

Knowledgeable to your wants and needs 
SPARTA... the new Instrument company 
that’s new in name only. 


SPARTA INSTRUMENT CORPORATION 


305 FAIRFIELD AVENUE / FAIRFIELD, N.J. O07006 / (2017) 575-1344 
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Does the 


Ņ\ proteolytic enzyme tablet 
< you prescribe 


contain 100% chymotrypsin? 


Only if it’s Avazyme® Or Avazyme®-100! And it can make a difference 


After 30 minutes in human intestinal juice “63 % 
of chymotryspin was still enzymatically active, 
whereas only 8% of the original trypsin activity 
could be detected.” 

So if you’re not getting the results you want from 


AVAZYME®: Each yellow tablet contains 20 mg. of crystal- 
line chymotrypsin equivalent in proteolytic activity to 50,000 
Wampole units (20,000 N.F. Units). The tablets have a special 
enteric Coat to insure release in the intestine. 


INDICATIONS 


Based on a review of this drug by the National Academy of 
Sciences — National Research Council and/or other informa- 
tion, FDA has classified the indications as follows: 

“Possibly” effective: Relief of symptoms related to episi- 


otomy. 

Lack of substantial evidence of effectiveness: Adjunctive 
therapy for the resolution of inflammation and edema result- 
ing from serious accidental trauma or surgical trauma. 

Final classification of the less-than-effective indications re- 
quires further investigation. 


ACTION: The experimental evidence for the anti-inflamma- 
tory action of chymotrypsin and other orally administered 
anti-inflammatory enzymes is based on animal studies. 





oral proteolytic enzymes, try the only all-chymo- 
trypsin tablet. AVAZYME® (crystalline chymotryp- 
sin—20 mg.) and double-strength AVAZYME®-100 
(crystalline chymotrypsin — 40 mg. ). 

1. Wohlman, A. et al: Proc. Soc. Exp. Biol. & Med., 109: 26, 1962. 


CONTRAINDICATIONS: This drug is contraindicated in 
patients with a history of a prior allergic reaction to chymo- 
trypsin. 

WARNING: USE IN PREGNANCY — Safe use of this drug 
during pregnancy has not been established. 

ADVERSE REACTIONS: An occasional patient may expe- 
rience nausea, vomiting, diarrhea, and skin rash. 

DOSAGE AND ADMINISTRATION: In mild conditions, 
one tablet four times daily. For more severe conditions, two 
tablets four times daily. There are no known incompatibilities. 
DISCUSSION OF CLINICAL USE: Controlled clinical 
studies have demonstrated the anti-inflammatory action of 
Avazyme (Crystalline Chymotrypsin) in cases of urologic 
surgery, episiotomy, and surgery of the head and neck. Cor- 
roborative evidence in support of the clinical efficacy has been 
obtained upon treatment of inflammatory conditions resulting 
from surgical and accidental trauma. 

ALSO AVAILABLE: AVAZYME®-100. White tablets 
containing crystalline chymotrypsin equivalent in proteolytic 
activity to 100,000 Wampole Units (approximately 40 mg.). 


WAMPOLE LABORATORIES, Div. Denver Chemical Mfg. Co., Stamford, Ct. 06904 * In Canada: Denver Laboratories (Canada) Ltd.. Toronto 
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As medical experience 
defines more and more 
patients who should be spared 
the severe depressant effects of 
narcotic analgesics... 





21 he Pain 
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When circumstances call 
for a potent analgesic, 
vulnerability to the 
depressant effects 
(circulatory, respiratory, 
urinary ) of narcotics may 
be increased: 
in patients with 
e chronic illness 
e advanced age 
e chronic obstructive 
lung disease 
e pleural effusion 
e cirrhosis 
e myocardial 
infarction 
e prostatic 
hypertrophy 


in patients who have had 


e general anesthesia 
e considerable 
blood loss 


e muscle relaxants 
for surgery 


„and in many other 
patients 


when depression of 
respiration, circulation, 
or urinary retention 
should be minimized. 
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Talwin 


(as lactate) 


growing 


Talwin® provides analgesic 
efficacy comparable to that 

of morphine and meperidine, 

but with fewer significant 

adverse effects: 


Compared to morphine, Talwin 
causes less severe respiratory 

depression, hypotension, urinary 

retention, constipation. 


Talwin is less likely to cause 
nausea, vomiting, diaphoresis 
than meperidine. 


Tolerance to analgesic effect has 
not been reported. 


Not subject to narcotic controls. 


See next page for a discussion of 
warnings, precautions, adverse 
reactions and other Prescribing 
Information. 


Injectable 


Brand of 


pentazocine 


(as lactate) 





in moderate | 
to severe pain 


Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Available in 
30mg., 45 mg., and 60mg. 
strengths: 


little, if any, increase in incidence or 
severity of adverse reactions reported 
with increased doses of 45mg. or 60mg. 





Indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and as 
a supplement to surgical anesthesia. 
Contraindications: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Head Injury and Increased Intra- 
cranial Pressure. The respiratory depressant 
effects of Talwin and its potential for elevat- 
ing cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head 
injury, other intracranial lesions, or a preex- 
isting increase in intracranial pressure. Fur- 
thermore, Talwin can produce effects which 
may obscure the clinical course of patients 
with head injuries. In such patients, Talwin 
must be used with extreme caution and only 
if its use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other 
than those that occur with commonly used 
analgesics. Talwin should be used with cau- 
tion in women delivering premature infants. 
Drug Dependence. Special care should be ex- 
ercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should 
be closely supervised when long-term therapy 
is contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, 
rarely, in patients without such a history. Ab- 
rupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, dis- 
continuance has been accomplished with mini- 
mal difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, 
reinstitution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient's symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-admin- 
istered, the physician should take precautions 
to avoid increases in dose and frequency of 
injection by the patient and to prevent the use 
of the drug in anticipation of pain rather than 
for the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Acute CNS Manifestations. Patients receiving 


of moderate to severe intensity 


therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of 
hours. The mechanism of this reaction is not 
known. Such patients should be very closely 
observed and vital signs checked. If the drug 
is reinstituted it should be done with caution 
since the acute CNS manifestations may recur. 
Usage in Children. Because clinical experi- 
ence in children under twelve years of age is 
limited, the use of Talwin in this age group is 
not recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, 
ambulatory patients should be warned not to 
operate machinery, drive cars, or unneces- 
sarily expose themselves to hazards. 
Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
Causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be the result of 
decreased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of 
the biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
receiving narcotics have experier.ced mild 
withdrawal symptoms after receiving Talwin. 
CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few 
such patients in association with the use of 
Talwin although no cause and effect relation- 
ship has been established. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic includ- 
ing local: diaphoresis, sting on injection, 
flushed skin including plethora, dermatitis in- 
cluding pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
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mic: blurred vision, nystagmus, diplopia, mio- 
sis; other: tachycardia, soft tissue induration, 
nodules, cutaneous depression, and ulceration 
(sloughing) at the injection site, weakness or 
faintness, chills, moderate transient eosino- 
philia, allergic reactions including edema of 
the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess of 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
360 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administra- 
tion is preferable to subcutaneous. In addition, 
constant rotation of injection sites (e.g., the 
upper outer quadrants of the buttocks, mid- 
lateral aspects of the thighs, and the deltoid 
areas) is recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clini- 
cal experience in children under twelve years 
of age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates be- 
cause precipitation will occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan 
are not effective antidotes for respiratory de- 
pression due to overdosage or unusual sensi- 
tivity to Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is a spe- 
cific and effective antagonist. If naloxone is 
not available, parenteral administration of the 
analeptic, methylphenidate (Ritalin®), may be 
of value if respiratory depression occurs. 
Talwin is not subject to narcotic controls. 
How Supplied: Ampuls of 1 mi. (30 mg.) and 
11⁄2 ml. (45 mg.) in boxes of 10, 25, and 100. 
Ampuls of 2 ml (60 mg.) in boxes of 25 and 
100. Each 1 ml. contains Talwin (brand of pen- 
tazocine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for in- 
jection. 

Multiple dose vials of 10 ml., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 
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On the surgical 
service... 
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Gram-negative bacteria magnified 10,000 times—color-tinted 


Commonly encountered 
pathogens on the surgical 
service 





% Incidence Pathogen 







Escherichia coli* 


Proteus, indole-negative* 


Proteus, indole-positive 


Pseudomonas aeruginosa* 





Klebsiella pneumoniae* | | 


Klebsiella-Enterobacter-Serratia* 


Klebsiella, all others* 


All other gram-negative organisms | 





Gram- 13% Staphylococcus aureus* | 


positive MEA 
33% aa 


5% ~ Staphylococcus, all others | 


11% Streptococcus, all others 


jae n 2% Streptococcus, beta-hemolytic | 
2% All other gram-positive organisms 


Total GAINO ane? *GARAMYCIN Injectable is effective against 
Source: Gosselin Audit of Pathology Cultures—1971 susceptible strains of the pathogens indicated. | 


Copyright © 1973, Schering Corporation. All Rights Reserved. 





A highly appropriate 
3 spectrum for today’s problem 
pathogens 


GARAMYCIN Injectable offers a high Start with Garamycin 
probability of effectiveness against susceptible E Broad gram-negative spectrum 


strains of seven out of seven major gram- B : 
: 7 ecause Of its broad gram-negative spectrum and its 
negative pathogens. These are: well-established clinical efficacy, GARAMYCIN Injectable 


Escherichia coli can be considered for initial therapy in suspected as 
Proteus, indole-negative well as documented gram-negative sepsis. 

Proteus, indole-positive 

ee noe Stay with Garamycin 

Enterobacter species Æ Susceptibility of causative organisms confirmed 
Serratia The results of susceptibility tests will, in most cases, 


À demonstrate the causative organisms’ sensitivity to 
4, GARAMYCIN Injectable has also been shown GARAMYCIN Injectable. However, the decision to 


§ to be effective in serious staphylococcal infec- continue therapy with this drug should also be based on 
tions. It may be considered in those infections the severity of the infection and the important additional 
when penicillins or other less potentially toxic concepts contained in the Warning Box. 


drugs are contraindicated and bacterial 
susceptibility testing and clinical judgment 
indicate its use. 


E Relatively low incidence of adverse reactions 

Risk of toxic reactions is low in patients with normal 
renal function who do not receive GARAMYCIN Injectable 
at higher doses or for longer periods of time than 
recommended. 


E Bacterial resistance has not been a problem 

In the laboratory, resistance has been demonstrated 

to develop slowly in stepwise fashion. No one-step 
mutations to high resistance have been reported to date. 


On the surgical 
service... 
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In gram-negative septicemia, peritonitis, 40 mg. perc. 
postoperative pneumonia, and urinary gentamicin sulfate equivalent 
tract infections* Ay 


*Due to susceptible organisms 


WARNING 

Patients treated with GARAMYCIN Injectable should be or discontinuance of the drug. 

under close clinical observation because of the In event of overdose or toxic reactions, peritoneal 

potential toxicity associated with the use of this drug. dialysis or hemodialysis will aid in removal of 
Ototoxicity, both vestibular and auditory, can occur gentamicin from the blood. 

in patients, primarily those with pre-existing renal Serum concentrations should be monitored when 

damage, treated with GARAMYCIN Injectable, usually feasible and prolonged concentrations above 12 mcg./ 

for longer periods or with higher doses than ml. should be avoided. 

recommended. Concurrent use of other neurotoxic and/or nephro- 
GARAMYCIN Injectable is potentially nephrotoxic, toxic drugs, particularly streptomycin, neomycin, 

and this should be kept in mind when it is used in kanamycin, cephaloridine, viomycin, polymyxin B, and 

za patients with pre-existing renal impairment. polymyxin E (colistin), should be avoided. 
> Monitoring of renal and eighth nerve function is The concurrent use of gentamicin with potent 

recommended during therapy of patients with known diuretics should be avoided, since certain diuretics by 

impairment of renal function. This testing is also themselves may cause ototoxicity. In addition, when 

recommended in patients with normal renal function at administered intravenously, diuretics may cause a rise 

onset of therapy who develop evidence of nitrogen in gentamicin serum level and potentiate neurotoxicity. 

retention (increasing BUN, NPN, creatinine or oliguria). USAGE IN PREGNANCY Safety for use in pregnancy 

Evidence of ototoxicity requires dosage adjustments has not been established. 





See Clinical Considerations section which follows... 


On the surgical service... 


GARAMYCIN® Injectable, brand of gentamicin 
sulfate U.S.P., injection, 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent 
to 40 mg. gentamicin 

For Parenteral Administration 


WARNING 

Patients treated with GARAMYCIN Inject- 
able should be under close clinical 
observation because of the potential 
toxicity associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, 
can occur in patients, primarily those 
with pre-existing renal damage, treated with 
GARAMYCIN Injectable, usually for 
longer periods or with higher doses than 
recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in mind 
when it is used in patients with pre-existing 
renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy of 
patients with known impairment of renal 
function. This testing is also recommended 
in patients with normal renal function at 
onset of therapy who develop evidence of 
nitrogen retention (increasing BUN, NPN, 
creatinine or oliguria). Evidence of ototox- 
icity requires dosage adjustments or 
discontinuance of the drug. 

In event of overdose or toxic reactions, 
peritoneal dialysis or hemodialysis will aid 
in removal of gentamicin from the blood. 

Serum concentrations should be moni- 
tored when feasible and prolonged 
concentrations above 12 mcg./ml. should 
be avoided. 

Concurrent use of other neurotoxic 
and/or nephrotoxic drugs, particularly 
streptomycin, neomycin, kanamycin, cepha- 
loridine, viomycin, polymyxin B, and 
polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin with 
potent diuretics should be avoided, since 
certain diuretics by themselves may cause 
ototoxicity. In addition, when administered 
intravenously, diuretics may cause a rise in 
gentamicin serum level and potentiate 
neurotoxicity. 

USAGE IN PREGNANCY Safety for use 
in pregnancy has not been established. 





INDICATIONS GARAMYCIN Injectable is 
indicated, with due regard for relative toxicity of 
antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following 
microorganisms: 

Pseudomonas aeruginosa, Proteus species 
(indole-positive and indole-negative), Escherichia 
coli and Klebsiella-Enterobacter-Serratia species. 

Clinical studies have shown GARAMYCIN 
Injectable to be effective in septicemia and serious 


infections of the central nervous system (meningitis), 


urinary tract, respiratory tract, gastrointestinal tract, 
skin and soft tissue (including burns). 

Bacteriologic tests to determine the causative 
organisms and their susceptibility to gentamicin 
should be performed. 


*Due to susceptible organisms 


ative septicemia, peritonitis, 
an urinary tract infections” į 
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Also available: 
GARAMYCIN® Pediatric Injectable, 10 mg. per cc. 


Bacterial resistance to gentamicin develops slowly 
in stepwise fashion; there have been no one-step 
mutations to high resistance. 

In suspected or documented gram-negative 
sepsis, GARAMYCIN may be considered as initial 
therapy. The decision to continue therapy with this 
drug should be based on the results of susceptibility 
tests, the severity of the infection, and the important 
additional concepts contained in the Warning Box. 
In the neonate with suspected sepsis or staphylo- 
coccal pneumonia, a penicillin type drug is usually 
indicated as concomitant antimicrobial therapy. 

GARAMYCIN Injectable has been shown to be 
effective in serious staphylococcal infections. It 
may be considered in those infections when peni- 
cillins or other less potentially toxic drugs are 
contraindicated and bacterial susceptibility testing 
and clinical judgment indicate its use. 
CONTRAINDICATIONS A history of hypersensi- 
tivity to gentamicin is a contraindication to its use. 
WARNINGS See Warning Box. 

PRECAUTIONS Neuromuscular blockade and 
respiratory paralysis have been reported in the cat 
receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in 
man should be considered if gentamicin is admin- 
istered to patients receiving neuromuscular blocking 
agents such as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in over- 
growth of nonsusceptible organisms. If this occurs, 
appropriate therapy is indicated. 

ADVERSE REACTIONS 

Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising BUN, NPN, serum creatinine and 
oliguria, have been reported. They occur more 
frequently in patients with a history of renal impair- 
ment treated with larger than recommended dosage. 

Neurotoxicity: Adverse effects on both vestibular 
and auditory branches of the eighth nerve have 
been reported in patients on high dosage and/or 
prolonged therapy. Symptoms include dizziness, 
vertigo, tinnitus, roaring in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, and 
convulsions have also been reported. 

Note: The risk of toxic reactions is low in patients 
with normal renal function who do not receive 
GARAMYCIN Injectable at higher doses or for 
longer periods of time than recommended. 

Other reported adverse reactions, possibly related 
to gentamicin, include increased serum transami- 
nase (SGOT, SGPT), increased serum bilirubin, 
transient hepatomegaly, decreased serum calcium; 
splenomegaly, anemia, increased and decreased 
reticulocyte counts, granulocytopenia, thrombocy- 
topenia, purpura; fever, rash, itching, urticaria, 
generalized burning, joint pain, laryngeal edema; 
nausea, vomiting, headache, increased salivation, 
lethargy and decreased appetite, weight loss, 
pulmonary fibrosis, hypotension and hypertension. 
DOSAGE AND ADMINISTRATION GARAMYCIN 
Injectable may be given intramuscularly or 
intravenously. 

For Intramuscular Administration: 

PATIENTS WITH NORMAL RENAL FUNCTION* 

Adults: The recommended dosage for 
GARAMYCIN Injectable for patients with serious 
infections and normal renal function is 3 mg./kg./ 
day, administered in three equal doses every 
8 hours. 

For patients weighing over 60 kg. (132 Ib.), the 
usual dosage is 80 mg. (2 cc.) three times daily. 
For patients weighing 60 kg. (132 Ib.) or less, the 





postoperative pneumonia, 
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40 mg.percc. 


Each cc. contains 
gentamicin sulfate equivalent 
to 40 mg. gentamicin 


usual dose is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dos- 
ages up to 5 mg./kg./day may be administered in 
three or four equal doses. This dosage should be 
reduced to 3 mg./kg./day as soon as clinically 
indicated. 

*In children and infants, the newborn, and 
patients with impaired renal function, dosage must 
be adjusted in accordance with instructions set 
forth in the Package Insert. 

For Intravenous Administration: 

The intravenous administration of GARAMYCIN 
Injectable is recommended in those circumstances 
when the intramuscular route is not feasible (e.g., 
patients in shock, with hematologic disorders, with 
severe burns, or with reduced muscle mass). 

For intravenous administration, in adults, a single 
dose of GARAMYCIN Injectable may be diluted in 
100 or 200 cc. of sterile normal saline or ina sterile 
solution of dextrose 5% in water; in infants and 
children, the volume of diluent should be less. The 
concentration of gentamicin in solution, in both 
instances should normally not exceed 1 mg./cc. 
(0.1%). The solution is infused over a period of 
1 to 2 hours. 

The recommended dose for intravenous adminis- 
tration is identical to that recommended for intra- 
muscular use. 

GARAMYCIN Injectable should not be physically 
pre-mixed with other drugs, but should be adminis- 
tered separately in accordance with the recom- 
mended route of administration and dosage 
schedule. 

HOW SUPPLIED GARAMYCIN Injectable, 40 mg. 
per cc., 2 cc. multiple-dose vials for parenteral 
administration. 

Also available, GARAMYCIN Pediatric Injectable, 
10 mg. per cc., 2 cc. multiple-dose vials for 
parenteral administration. APRIL, 1972 

AHFS Category 8:12.28 


For more complete prescribing details, consult 
Package Insert or Physicians’ Desk Reference. 
Schering literature is also available from your 
Schering Representative or Professional Services 
Department, Schering Corporation, Kenilworth, 
New Jersey 07033. 
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IN any Case... 
when nutritional 
supplementation 
IS INAIcateq 


Berocca is thera 


Tablets 


With balanced, high potency B-complex 


and C vitamins...No odor... 


Virtually no aftertaste... Lowest priced 


Rx formula. 


Please see complete product information, 
a summary of which follows: 


Each Berocca Tablet contains: 


Thiamine mononitrate (Vitamin B;)......... 15mg 
Riboflavin (Vitamin B2) ................05. 15mg 
Pyridoxine HCI (Vitamin Be) .............. 5mg 
MOCAMI 6 peg ak cGhS adam de om nena AA 100 mg 
Calcium pantothenate «i. 6..s00<ccesciawas 20mg 
Cyanocobalamin (Vitamin Bi2)............ 5meg 
POI Bs 5x55 bane ee MRR eR See Ro ae Ss 0.5 mg 
Ascorbic acid (Vitamin C)................. 500 mg 








py 


Indications: Nutritional supplementation in 
conditions in which water-soluble vitamins are 
required prophylactically or therapeutically. 


Warning: Not intended for treatment of pernicious 
anemia or other primary or secondary anemias. 
Neurologic involvement may develop or progress, 
despite temporary remission of anemia, in 
patients with pernicious anemia who receive 
more than 0.1 mg of folic acid per day and who are 
inadequately treated with vitamin Bio. 


Dosage: 1 or 2 tablets daily, as indicated by 
clinical need. 


Available: In bottles of 100. 





ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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When life 
hangs on protein intake... 


FreAmine is life-supportive; 









i / mixedin a 1 to 1 ratio with 50% dextrose _ 
in water, FreAmine provides 6.25 g. of 
"i | | completely utilizable nitrogen and 
39 g. of protein equivalent per 
Z | | g. of p q p 
v 
N 
\ 
i NS 


1,000 ml, plus 850 total non- 
Ao T 
i N 


FreAmine is the most concentrated 
parenteral source of amino acids 
obtainable for the prevention 
and treatment of negative nitro- 
gen balance. It is a unique mix- 
ture of 8 essential and 7 non- 
essential amino acids, in 
pure crystalline form to in- 
sure immediate biologic 
availability without sig- 
nificant waste. 






















protein calories. 


FreAmine is furnished in a 
ready-to-mix kit containing 
everything necessary for 
basic hyperalimenta- 

tion, including 50% dex- 
trose in water. Find out 
more about how McGaw 
puts it all together — with 





FreAmine promotes 
anabolism and tissue 
synthesis even during 


extended periods of I.V. life-supporting I.V. nutrition 
nutrition. Its formula in convenient kit form. 
is based on the two Contact your McGaw repre- 


sentative or write for 
free brochure. 


international protein 


standards. When 


N 
\ 
* l 
With adequate calories and 


other nutrients, when oral 
alimentation is not feasible for 
prolonged periods and/or 
there is impaired gastro- 
intestinal absorption of protein. 





McGaw puts it all together. 
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Supports life with pure crystallinėam 





DESCRIPTION: Each 100 ml. contains: FreAmine Amino Acid 
Mixture*, 8.5 g; Sodium Bisulfite, U.S.P., less than 0.10 g.; Water 
for Injection, U.S.P. q.s., pH adjusted with acetic acid (approxi- 
mately 20 mEq./1. Acetate). 
Approximate concentration of amino acids (g./100 ml.): 
Essential Amino Acids: t-Isoleucine 0.59; t-Leucine 0.77; L-Lysine 
HC! 0.77; Methionine 0.45; t-Phenylalanine 0.48; -Threonine 
0.34; t-Tryptophan 0.13; t-Valine 0.56. 
Nonessential Amino Acids: -Alanine 0.60; t-Arginine 0 31; 
t-Histidine 0.24; t-Proline 0.95; -Serine 0.50; Aminoacetic Acid 
(Glycine) 1.8; t-Cysteine * HCl * H2O <0.02. Alpha amino nitro- 
gen greater than 80% of total nitrogen present. Concentration of 
Electrolytes (mEq./1.): Sodium 10, Chloride 45. 
8.5% FreAmine Solution is a sterile, nonpyrogenic solution con- 
taining pure crystalline amino acids. A 500 ml. unit provides a 
total of 39 g. of protein equivalent and 6.25 g. of nitrogen. 
ACTIONS: 8.5% FreAmine Solution provides, in concentrated 
form, a physiological ratio of completely utilizable amino acids 
for protein synthesis. Used with concentrated carbohydrate solu- 
tions, e.g., 20 to 50% dextrose solutions, as a source of calories 
plus electrolytes and vitamins, it provides total parenteral nutri- 
tion. 
INDICATIONS: As an adjunct in the prevention of nitrogen loss, 
or in the treatment of negative nitrogen balance in patients 
where: (1) oral alimentation is not feasible for prolonged periods, 
and (2) there is impaired gastrointestinal absorption of protein. 
CONTRAINDICATIONS: 1. Anuria. 2. Hepatic coma. 
WARNINGS: Administration of amino acids to a patient with 
hepatic or renal insufficiency may result in a rise in blood am- 
monia or urea nitrogen. Rare instances of typically asymptomatic 
hyperammonemia have been reported in patients with no evi- 
dence of liver dysfunction receiving total parenteral nutrition. 
Since it appears dose-related, and more likely to develop in in- 
fants on prolonged total parenteral nutrition, conservative doses 
of amino acids should be given and blood ammonia periodically 
measured. If symptomatic hyperammonemia should develop, the 
nitrogen-containing solution should be discontinued and the pa- 
tient’s clinical status reevaluated. 
The safe use of FreAmine in pregnant women has not been 
demonstrated. 
PRECAUTIONS: It is essential to provide adequate calories for 
utilization of amino acids. 
Hypertonic nutrient solutions should be administered through an 
indwelling intravenous catheter with the tip located in the supe- 
rior vena cava. 
HYPERALIMENTATION COMPLICATIONS: Potentially danger- 
ous complications can be minimized by adherence to a careful 
protocol by an experienced team of pharmacist, nurse, and physi- 
cian. 
To prevent sepsis, rigid aseptic technique must be used in solu- 
tion preparation and catheter placement and care. 
The catheter dressing should be aseptically changed every 2-4 
days and whenever contamination is suspected. 
Consult clinical literature for discussion of management of sepsis 
during hyperalimentation. 
The following metabolic complications have been reported: meta- 
bolic acidosis, hypophosphatemia, alkalosis, hyperglycemia and 
glycosuria, osmotic diuresis and dehydration, rebound hypo- 
glycemia, elevated liver enzymes, and electrolyte imbalances. 
Frequent clinical evaluation and laboratory determinations are 
necessary to prevent or minimize these complications. 
ADVERSE REACTIONS: Rare instances of hyperammonemia (see 
Warnings), and minor local reactions consisting of a warm sen- 
sation and erythema when FreAmine and hypertonic dextrose 
were administered by peripheral vein, have been reported. 
DOSAGE AND ADMINISTRATION: Recommended Dietary Al- 
lowances of protein are approximately 0.9 g. per kilogram of body 
weight for a healthy adult and 1.4 to 2.2 g. per kilogram for 
healthy growing infants and children.** Requirements in trauma 
or malnutrition may be substantially increased. During hyper- 
alimentation daily doses of approximately 1.0 to 1.5 g. per kilo- 
gram of body weight for adults and 2 to 3 g. per kilogram of 
body weight for infants are generally sufficient. 
Calorie-to-nitrogen ratios of at least 100 to 150 nonprotein cal- 
ories per gram of nitrogen have been recommended and may be 
provided by concentrated dextrose. 
Sufficient vitamins, electrolytes, principally potassium, magne- 
sium, and phosphate, as well as sodium, calcium, and chloride, 
must be given. Calcium and phosphate may be added to alternate 
infusate bottles to avoid precipitation, and sodium and potassium 
added as acetate or lactate salts to provide bicarbonate precursor. 
Serum electrolytes must be monitored frequently 
In adults, hypertonic mixtures may be safely administered only 
by continuous infusion through a central venous catheter with 
the tip located in the vena cava. 500 ml. of 8.5% FreAmine Solu- 
tion, appropriately mixed with dextrose, electrolytes, and vita- 
mins, is typically administered over an eight-hour period. Ad- 
ministration rate is governed by protein requirements and glu- 
cose tolerance. Advance dosage slowly with frequent determina- 
tion of urine and blood sugar levels. 
To prevent rebound hypoglycemia, 5% dextrose should be ad- 
ministered when hypertonic dextrose infusions are abruptly dis- 
continued. 
PEDIATRIC DOSAGE AND ADMINISTRATION: Small infants 
(up to 10 kg.) on total parenteral nutrition generally receive 2 to 
3 g. of protein, 100 calories, and 120 to 150 ml. of fluid per kg. of 
body weight per day, provided in a solution of approximately 
2%% FreAmine in 20% dextrose. Advance dosage slowly with 
frequent monitoring. (See Warnings above) 
Large infants and children generally require 50 to 80 calories per 
kg. per day. 
ROUTE: Intravenous. 
CAUTION: Federal (U.S.A.) law prohibits dispensing without 
prescription. 
HOW SUPPLIED: 8.5% FreAmine Solution is supplied sterile and 
nonpyrogenic in 500 ml. intravenous infusion bottles. 
*Crystalline amino acid mixture, isolated and purified from edi- 
ble soybean hydrolysate or synthesized. 
**500 ml. of 8.5% FreAmine Solution contains 6.25 g. of nitro- 
gen, and the equivalent of 39 g. of protein. 


McGAW LABORATORIES 


Division of American Hospital Supply Corporation 
Glendale, California * Milledgeville, Georgia 


Push Button Photography 


No experience necessary to get professional results in your 
first twenty exposures with our CLOSE-UP unit. 
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NO FOCUSING. The automatic focusing system included in our 
unit will permit you to be in focus at all times without the 
necessity of changing lenses, bellows, backs, filters, batteries, 
etc. No viewing or viewing illumination necessary. 


ONLY CHANGE FRAMES. (size in inches.) 134 x 1—2 x 3— 
4 x 6—6 x 9—9 x 13—14 x 21—!, body rod. Frames are 
made of stainless steel and may be sterilized. 


Another exclusive feature is our specially designed surgery 
frames that allow you to be in sharp focus at all depths. 
Frames are retractable 2, 3, 4 or 5 inches according to depth 
of cavity. 


Special attachments available to take picture of throat, cleft 
palate, cervix and anal rectal. 


EVEN AND CORRECT ILLUMINATION AT ALL TIMES WITHOUT 
THE WELL KNOWN WASHED OUT EFFECT OF THE RING LIGHT. 
NO PROBLEM OF MOVEMENT AS PICTURES ARE TAKEN AT 
THE SPEED OF LIGHT 1/1000 OF A SECOND. 


Photoeaze SINGLE UNIT Reflex camera consists of: 35 mm reflex 
camera back with double extension bellow, 50 mm—2.8 lens, 
power pack that serves as base, 2 strobe lights, full set of 
applicators, and automatic focusing mechanism. Price $429.00 
The exclusive combination of automatic focusing mechanism, 
2 strobe lights and retractable frames will give you Critically 
sharp pictures at all times in 35 mm color slides (2 x 2) or 
black and white film without any adjustment. 


Copy x-ray negatives or books with any size frame. 


For information write to: 


Photoeaze Mfg. Inc. 
241 East 10 Street 
New York, N. Y. 10003 
Tel: 212-YU 2-0660 
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more than 10 years of clinical experience* 





Keflin LV. 


sodium cephalothin 


2 Gm.* in 100-ml. ampoule 


for sepsis ona 
ONEUMONIAS' 


Over the years, Keflin has been, and 
continues to be, a logical choice of surgeons 
for the treatment of sepsis and pneumonias 
with or without septicemia or shock when due 
to susceptible strains of Klebsiella, Escherichia 
coli, and Proteus mirabilis. Pseudomonas is 
resistant; many strains of enterococci, such as 


_ Streptococcus faecalis, are relatively resistant. 


Keflin is contraindicated in persons who have 
shown hypersensitivity to cephalosporins and 
should be used with great caution in patients 
allergic to penicillin. 


The prompt administration of Keflin has 
proved to be useful in the hospital forthe 
treatment of sepsis, particularly if shock is 


300560 


present or impending. Furthermore, it may even 
be given to: 
e patients with impaired renal function, at 
reduced dosage 
e patients with low host resistance 
s those with coexisting complications, such 
as malnutrition, trauma, and malignancy 


Since the introduction of Keflin, the 
susceptibilities of commonly encountered 
organisms, as measured by in-vitro methods, 
have not changed significantly. 


*equivaient to cephalothin 
Tdue to susceptible organisms 


* Keflin was made available for clinical investigation 
early in 1962 and was marketed on September 4, 1964. 


Lilly 


Piease turn page for prescribing information, 


Description: Keflin® (sodium cephalothin, 
Lilly) is a semisynthetic cephalosporin an- 
tibiotic for parenteral use. It is the sodium 
salt of 7-(thiophene-2-acetamido) cephalo- 
sporanic acid. The sodium content is 55 
mg. per Gm. of cephalothin. 


Actions: The bactericidal action of cepha- 
lothin results from inhibition of cell-wall 
synthesis. In-vitro and in-vivo activity has 
been demonstrated against strains of the 
following micro-organisms: 
Staphylococcus aureus (penicillin-sen- 
sitive and penicillinase-producing) 
Beta-hemolytic and other streptococci 
(many strains of enterococci, e.g., 
Streptococcus faecalis, are relatively 
resistant) 
Pneumococci 
Clostridia 
Hemophilus influenzae 
Neisseria gonorrhoeae 
Escherichia coli and other coliform bac- 
teria 
Klebsiella-Aerobacter sp. 
Proteus 
Salmonella sp. 
Shigella sp. 


Indications: Keflin is indicated in the treat- 
ment of serious infections of the respira- 
tory tract, genito-urinary tract, soft tissue 
and skin, gastro-intestinal tract, bones and 
joints, bloodstream, and cardiovascular 
system due to susceptible organisms. Also, 
it has beeh effective in cases of peritonitis, 
septic abortion, and staphylococcus and 
pneumococcus meningitis. Effectiveness 
has not been established in other types of 
meningeal infection. 

Appropriate culture and susceptibility 
studies should be performed to determine 
susceptibility of the causative organism 
to Keflin. 


Contraindication: Keflin is contraindicated 
in persons who have shown hypersensitiv- 
ity to cephalosporin antibiotics. 

Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 


DRUGS, INCLUDING DEATH FROM ANAPHY- I 


LAXIS, HAVE BEEN REPORTED. 

Any patient who has demonstrated some 
form of allergy, particularly to drugs, 
should receive antibiotics cautiously and 
then only when absolutely necessary. No 
exception should be made with regard to 
Keflin. 


Usage in Pregnancy—Safety of this prod- 
uct for use during pregnancy has not been 
established. 


Precautions: Patients should be followed 
carefully so that any side-effects or un- 
usual manifestations of drug idiosyncrasy 
may be detected. If an allergic reaction to 
Keflin occurs, the drug should be discon- 
tinued and the patient treated with the 
usual agents (e.g., epinephrine, antihista- 
mines, pressor amines, or corticosteroids). 
When Keflin is administered to patients 
with transient or persistent reduction of 
urinary output due to impaired renal func- 
tion, the total daily dose should be re- 
duced. Careful clinical observation and 
laboratory studies should be made, be- 
cause higher and more prolonged sys- 
temic antibiotic concentrations can occur 
(see Administration and Dosage below). 
When intravenous doses of cephalothin 
larger than 6 Gm. daily are given by infu- 
sion for periods longer than three days, 
they may be associated with thrombophle- 
bitis, and the veins may have to be alter- 
nated. The additian of 10 to 25 mg. of 


hydrocortisone to intravenous solutions 
containing 4 to 6 Gm. of cephalothin may 
reduce the incidence of thrombophlebitis. 
The use of small |.V. needles in the larger 
available veins may be preferred. 

Prolonged use of Keflin® (sodium ceph- 
alothin, Lilly) may result in the overgrowth 
of nonsusceptible organisms. Constant ob- 
servation of the patient is essential. If 
superinfection occurs during therapy, ap- 
propriate measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's or 
Fehling’s solution or with Clinitest® tablets 
but not with Tes-Tape® (urine sugar anal- 
ysis paper, Lilly). 


Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reactions 
resembling serum sickness, and anaphy- 
laxis have been reported. Eosinophilia and 
drug fever have been reported as asso- 
ciated with other allergic reactions. These 
reactions are most likely to occur in pa- 
tients with a history of allergy, particularly 
to penicillin. 


Blood—Neutropenia and hemolytic ane- 
mia have been reported. Some individuals, 
particularly those with azotemia, have de- 
veloped positive direct Coombs tests dur- 
ing cephalothin therapy. 


Liver—Transient rise in SGOT has been 
reported. 


Kidney—Rise in BUN has been observed; 
however, some patients with elevated BUN 
at the beginning of cephalothin therapy 
have had values return to normal during 
therapy. 
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Local Reactions—Pain, induration, ten- 
derness, and elevation of temperature have 
been reported following repeated intra- 
muscular injections. Thrombophlebitis has 
occurred and is usually associated with 
daily doses of over 6 Gm. given by infusion 
for more than three days. 


Administration and Dosage: /n adults, the 
usual dosage range is 500 mg. to 1 Gm. of 
cephalothin every four to six hours. A dos- 
age of 500 mg. every six hours is adequate 
in uncomplicated pneumonia, furunculosis 
with cellulitis, and most urinary tract in- 
fections. In severe infections, this may be 
increased by giving the injections every 
four hours or, when the desired response 
is not obtained, by raising the dose to 
1 Gm. In life-threatening infections, doses 
up to 2 Gm. every four hours may be re- 
quired. 


Ininfants and children, the dosage should 
be proportionately less in accordance with 
age, weight, and severity of infection. Daily 
administration of 50 mg. per Kg. (40 to 80 
mg. per Kg. or 20 to 40 mg. per pound) in 
divided doses has been found effective for 
most infections susceptible to Keflin. 


For additional information regarding 
dosage and administration, see package 
literature. 


How Supplied: Ampoules Keflin® (Sterile 
Sodium Cephalothin, U.S.P.), equivalent 
to 1 Gm. cephalothin, 10-ml. size, rubber- 
stoppered; equivalent to 2 Gm. cephalo- 
thin, 100-ml. size, rubber-stoppered; 
equivalent to 4 Gm. cephalothin, 50-ml. 
size, rubber-stoppered. [031971] 
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Keflin LV. 
sodium cephalothin 


2 Gm? in 100-ml. ampoule 
equivalent to cephalothin 


lOyears of 


clinical 
exoenence 


Additional information 
available to the 
profession on request. 


| <3. Eli Lilly and Company 


» Indianapolis, Indiana 46206 


Lilly 
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A 900-patient study* has demonstrated that 
bowel cleansing with a combination of Laxsil® and 
orange juice, unlike purging with harsh cathartics, 
results in “‘...anon-irritating watery stool... with- 
out electrolyte, protein or excessive fluid loss.” 

Evaluations of rectal smears taken from each 
of the 900 patients to determine evidence of mucosé 
trauma showed that 99% had a “good” to “excel- 
lent” response. The study showed that while the 
magnesium hydroxide component of Laxsil pro- 
vided gentle evacuation of solids, the inclusion of 
the simethicone in the formula overcame the visual 
distortion normally caused by entrapped gas. 
Simethicone also prevented adherence of stool pa’ 
ticles to the bowel wall, eliminating the need for 
cleansing enemas. 

For non-injurious evacuation of the G.I. tract, 
and to avoid visual distortion caused by entrapped 
gas and adhesion of stool particles to the bowel 
wall, Laxsil with orange juice is clearly an improve: 
method of preparing the G.I. tract for roentgenog- 
raphy. 


* Marks, M. M. and Mason, W. E.: Improved Methods of Preparing the 
Gastrointestinal Tract for Roentgenography. Abdominal Surgery, 14:1 
Sept. 1972. 


an improved method of 
evacuating stool and gas 


Laxsil Licuic 


Each tablespoon (15 ml.) contains 1.25 gm. magnesium hydroxide 
N.F. and 100 mg, aie simethicone in a pleasantly flavored 


liquid suspension. Available in 8 fl. oz. bottles. 
Reed & Carnrick/Kenilworth, N.J. 07033 
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Fourth Edition! 


SURGERY 


Principles and Practice 


By Jonathan E. Rhoads, M.D., D.Sc. (Med), J. Garrott Allen, M.D., 
the late Henry N. Harkins, M.D., Ph.D., and Carl A. Moyer, M.D. 
With 36 Contributors 


Strengthened by complete updating, this 
revision emerges as the best of the four 
editions of this classic. You'll find eight 
new contributors, two brand new chap- 
ters and 106 new illustrations. 


The entirely new chapters reflect today’s 
achievements and directions in surgery: 
Tissue and Organ Transplantation and 
The Molecular Attack on Cancer. 


Chapters extensively revised include: 
Principles of Hand Surgery; Physiology 
of the Pituitary and Adrenal Glands; 
Military Surgery; Tumors of the 
Colorectum. 


Anatomic, pathologic, physiologic, and 
biochemical factors relevant to surgical 
practice are interwoven throughout, to 
foster accurate diagnosis and judicious 
operative and postoperative care. 


1864 Pages e 


[------------------ 


J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


758 Illustrations e 


This Fourth Edition continues to ad- 
vance its editors’ objectives: to explain, 
understandably and completely, the basic 
principles of surgery. 


FROM REVIEWS 
OF THIRD EDITION... 
“. . . the best textbook and general sum- 
mary of surgical practice that has been 
written.” 

—Surgery, Gynecology and Obstetrics 


“. .. Should be on the shelf of every 
aspirant for surgical approval. . . .”’ 
—Group Practice 


“. . . should appear on the bookshelves of 
everyone interested in the overall subject of 
surgery.” —GP 


Ath Edition, 1970 e $24.00 











Lippincott 


SURGERT: Principios Omi POCIO onata EE A AN $24.00 

Nam 

Addres 

City——————— -__________-_ State Zip—————— 
[C] Payment Enclosed (O Bill me AS 5/73 
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All of these mammals, except one, 
can synthesize vitamin C. 





Man cannot. 


Homo sapiens can neither synthesize vitamin | increased. 





C nor store the water soluble vitamins. They In such cases, Surbex-T may be indicated. 
have to be replenished every day. | Each tablet provides 500 mg. of vitamin C 
Normally, man accomplishes this in his daily | plus high potency B-complex. 
i diet. But under conditions of illness, stress, in Where nutritional status must be preserved, 
P convalescence or following surgery, vitamin | Surbex-T can help restore what the body can 
stores may be depleted or metabolic demands | not store. 211399 
® 


ABBOTT 


500 mg. of Vitamin C with High Potency B-Complex 
Restores what the body cannot store—the water-soluble vitamins. 





A.R.D* 


STERILE 


It holds in place with buttock pressure 
alone. So the unique, anatomically-shaped 
A.R.D. dressing makes changing far 
easier, makes the patient more comfort- 
able. Soft and lint-free with a non-stick 
surface, yet highly absorbent to perspira- 
tion, wound exudates and watery fecal 
discharge, An excellent vehicle for topical 
medication. Supplied sterile in dispenser 
nest of 24 dressings. Write for a free clini- 


cal trial supply. Pat. No. 2,742,042 Re, 24,385 
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FULLER LABORATORIES, INC. 
Eden Prairie, Minnesota 55343 
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FULLER SHIELD” 
STERILE 


Fuller Shields have a snap open 
front and an easily adjusted waist- 
band. Dressings can be changed 
without completely removing the 
Shield. Soft, moisture-proof lining 
keeps stains from bedlinen and 
clothing. Holds anal, perianal and 
sacral. dressings in place. Patients 
feel more secure, more comfort- 
able. bat. No. 3,247,846 


PULLER Ore 





FULLER LABORATORIES, INC. 
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Ketalar 
(Ketamine HCI) ” 


Progress; 
Report 


One year of nationwide 
clinical use; one decade of 
research and development 
at Parke-Davis. A continu- 
ing program that has 

made KETALAR anesthesia 
a reality. 
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In routine induction, 
a smooth, 
uncomplicated start 


KETALAR provides efficient 
induction for practically any 
anesthetic regimen and is ad- 
ministered I.M. or ILV. which 
greatly simplifies the proce- 
dure for children and adults 
alike. KETALAR is also clini- 
Z. \cally compatible with com- 
7, \monly used general anes- 
thetics, pre- and postanes- 
thetic medications, includ- 
ing anticholinergics, muscle 
relaxants, and tranquilizers. 


In high-risk surgery, 
an added measure 
of safety 


KETALAR lessens surgical risk 
for many emergency and 
“poor-risk” patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- 
tective laryngeal-pharyngeal 
reflexes intact. Airway pa- 
tency can usually be main- 
tained without intubation. 





In short procedures, absence of tachyphylaxis 


more problems 
solved, fewer 
created 


KETALAR, as sole agent, 
simplifies and improves an- 
esthesia in a host of “prob- 
lem procedures.” It has 
proven to be especially valu- 
able in the management of 
severe burn patients, and its 
rapid and profound anal- 
gesic effect provides a major 
advantage in numerous 
painful diagnostic tests and 
short surgical procedures 
not requiring skeletal mus- 
cle relaxation. The virtual 





and organ/tissue accumula- 
tion is a definite plus in re- 
petitive procedures. Grow- 
ing experience with 
KETALAR shows that emer- 
gence reactions can be ef- 
fectively reduced by allow- 
ing patients to awaken 
naturally with minimal ver- 
bal or tactile stimulation, 
and, where indicated, by 
employing agents such as 
droperidol or diazepam. 


In pediatrics, a new 
era in anesthesia 


KETALAR anesthesia repre- 
sents a milestone in the 
management of infants and 
children. It offers —for the 
first time — efficient general 
anesthesia by intramuscular 
injection. In terms of both 
efficacy and convenience, 
the clinical experience with 


I| KETALAR may qualify it in 


many instances as the agent 
of choice for pediatric 


 |anesthesia. 
—ffe | KETALAR UPDATE: 


Now indicated for use in 


) | cardiac catheterization. 


Now available in new 
100 mg./ml., 5 ml. vials 
for IM use. 





See next page for prescribing information. 
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KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 


THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 


sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred, 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychological: (See Special Note). 

Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 
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s a a Each gram contains: Aerosporin® brand 
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For minor burns, cuts, infections. Topical antibacterial action 

_ against a wide range of susceptible organisms. Rare 
|; chanceofsensitization. Especially for patients with 
possible sensitivity to other topical antibiotics. 


Available in 1- and 1⁄2-oz. tubes. 


| Contraindications: This product is contraindicated in those 
individuals who have shown hypersensitivity to any of its components. 


Caution: As with other antibiotic products, prolonged use may 
result in overgrowth of nonsusceptible organisms, including 
fungi. Appropriate measures should be taken if this occurs. 
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Presidential Address: 


The Changing Panorama of Medical Education 


OME of my most pleasant and stimulating experiences 
S as a young surgeon were acquired by attending the 
meetings of the Southern Surgical Association with my 
father. I fervently hoped that some day I might become 
a member and, now, to be privileged to serve as your 
President is the most cherished honor of my career. I 
am deeply grateful and I treasure the association and 
friendship of each of you. 

In this era of social, economic, and philosophical chal- 
lenge and change, physicians face increasing and, at 
times, unreasonable demands to provide the finest medi- 
cal care for everyone, with few allowances being made 
for the problems associated with immediate delivery. We 
are confronted with the frustrating paradox of amazing 
achievements in every field of medicine with almost 
limitless vistas of future development; and, at the same 
time, we are criticized as being inefficient, selfish, and in- 
capable of directing health care for the citizens of our 
nation. The federal government has become increasingly 
involved in defining, designing, proposing, and monitor- 
ing methods of health care delivery and with the edu- 
cation of health care personnel. Gradually, but relent- 
lessly, our government and a segment of public opinion 
is shifting toward the viewpoint that health care should 
be considered and controlled as a public utility. To meet 
these complex demands of medicine, every facet of 
health care must be realistically analyzed and feasible, 
practical solutions that will win continuing popular and 
legislative approval must be proposed and vigorously 
suported. Medical statesmanship and dedication will be 
required of each of us. 





Presented at the Annual Meeting of the Southern Surgical Asso- 
ciation, December 4—6, 1972, Boca Raton, Florida. 
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G. V. BRINDLEY, JR., M.D. 


Chairman, Departments of General and Thoracic Surgery, 
Scott and White Clinic, Temple, Texas 





Medical education presently is associated with more 
controversy, speculation, and concern than it has been 
in any period since the famous Flexner report of 1910. 
The Coordinating Board of the Texas College and Uni- 
versity System has the rather awesome responsibility 
of supervising in Texas all state supported education 
above the high school level. The statute creating the 
Coordinating Board specifies that it “shall represent the 
highest authority in the state in matters of public higher 
education.” As the physician member of the Coordinating 
Board, I have had the privilege and opportunity of work- 
ing very closely with each of our six medical schools. 
Numerous studies have been made and are in progress 
regarding the needs for more medical schools, expanded 
enrollment, and shortened curricula.*:7 Many analysts 
think that, at this time, a real shortage of physicians 
exists. The Association of American Medical Colleges 
and the Carnegie Commission on Higher Education 
agree upon the goal of graduating 50% more doctors of 
medicine by 1980. Other educators doubt that there con- 
tinues to be a serious shortage of physicians and predict 
that if present expansion plans are effected we may have 
a surplus of physicians. Much of the present manpower 
shortage relates to distribution of physicians, both as to 
location of practice and to the selection of specialization. 
Simply graduating more physicians does not assure that 
they will wish to practice in areas of greatest need or 
that they will enter specialties that are numerically de- 
ficient. Certainly, we would oppose federal regulation of 
location of practice and or specialization. Medically un- 
derserved areas should be made more attractive by ac- 
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cessibility to cooperative medical centers; economic in- 
centives, such as tax considerations; and by providing 
sufficient well trained personnel and technical assistance. 
Some influential groups have insisted that nearly all qual- 
ified students who wish to enter medical school should be 
admitted regardless of the associated enormous expense 
or the need for additional physicians. This privilege is 
presented as a personal right regardless of its conse- 
quences or effects upon the public welfare. Careful, in- 
telligent, and continuing evaluation should determine the 
actual needs for additional physicians, for each category 
of specialization, and for indicated educational facilities 
of maximum quality. 

The trend toward shorter periods of medical training 
is becoming much stronger. More than 33% of all of our 
medical schools permit some or all of their students to 
receive the M.D. degree in 36 months, or less time, after 
completing undergraduate training. At least 50% of the 
schools will have 3 year programs by 1973. There also 
has been considerable pressure to shorten the time for 
undergraduate training from 3 or 4 years to 2 years of 
intensive scientific preparation. By eliminating ineffective 
repetition, the long period of preparation hopefully may 
be shortened without impairing the quality of the medi- 
cal education. 


Curriculum 


One of the most debatable features of medical educa- 
tion is the evolution of current trends in curriculum. 
There was a period when it was thought that a student 
could be well informed in all of the fundamental com- 
ponents of medicine during 4 calendar years, 36 months 
of instruction. Now, it is realized that any program, even 
brilliantly structured, would fail to expose a student to 
more than a sample of an enormous body of relevant 
information. This awareness of the problem re-empha- 
sizes the wisdom of the often repeated advice that a 
student should acquire the ability to learn on his own 
and develop insight for evaluating, for seeking nonpro- 
vincial perspectives, and for making intelligent decis- 
ions. Many forces have influenced the changes in the 
methods and the goals of medical education. Of basic 
importance has been the great social revolution of this 
generation. The world health organization has defined 
health as “total well being,” rather than merely the ab- 
sence of disease. Our government has established the 
goal of high quality medical care as a right of every 
citizen rather than as a privilege. Government admin- 
istrators, social reformers, labor representatives, and some 
student organizations want a major role in designing 
medical education and health care. Each school at- 
tempts to meet these challenges in a slightly different 
manner, but some fundamental principles are apparent: 

1. Selectivity. Students are entering medical schools 
with increasingly diverse backgrounds and career ambi- 
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tions. Flexibility is being built into the curriculum to al- 
low these students to build on their own areas of strength 
and interest, A different course of study is designed for 
each of the several types of medical careers. An earlier 
choice of a major field is permitted on the basis of the 
student’s individual interest, personality profile, and cap- 
abilities. The core of common material that is required 
for every student is being reduced to a minimum. Elec- 
tive opportunities are being made available, permitting 
each student to select the areas in which he wishes to 
do more intensive work in medical school. 

2. Satellite Educational Centers. Many medical 
schools, including our Texas institutions, are involving 
medical centers that are located away from the main 
campuses in the clinical phases of medical education. 
This expansion utilizes valuable practical resources, per- 
mits more communities to be included in the teaching 
programs, and stimulates continuing education among 
the practicing physicians. However, superb planning, 
administration, and cooperation must promote maximum 
quality in the learning experiences. 

3. Interdisciplinary Teaching. The curriculum in most 
medical schools now includes increasing amounts of in- 
struction developed and presented by faculty members 
who represent several disciplines. This broad perspective 
represents an effort to focus attention to the problems of 
total medicine, utilizing the combined contributions of 
the various medical specialties and the basic sciences. 

4. Reduced Conventional Didactic Instruction. Medi- 
cal schools are decreasing their reliance on the traditional 
didactic lecture as the most effective means of teaching. 
Nearly all medical schools have moved toward increased 
use of small group discussions, seminar presentations, 
and increased self-instruction. 

5. Earlier Contact with Patients. Medical educators 
are realizing the students’ interests and desires to become 
involved in the study of medicine by actually caring for 
patients. Most schools’ curricula now permit student 
contact with patients within the first year. This innova- 
tion seems to lead to improved motivation of the stu- 
dents and makes the basic science material more rele- 
vant to the actual disease processes. 

6. Increased Emphasis on Comprehensive Medical 
Care. With increasing national attention to the need for 
comprehensive family-oriented medical care, many med- 
ical schools have developed family care or compre- 
hensive clinics either within the medical school facili- 
ties or in affiliated community hospitals. This experience 
is considered an important part of the students’ medical 
school training. 

Following the leadership and recommendation by the 
Association of American Medical Colleges, medical 
schools now express a responsibility for education and 
research in the organization and delivery of health 
services. Some physicians have questioned the justifi- 
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cation, feasibility, and necessity for medical schools to 
become involved in health care delivery. Medical edu- 
cators have argued that their job is to teach health care 
and how best to provide it. There is wisdom in each 
argument. Medical schools can enhance undergraduate 
and graduate education while helping improve the 
health of a needy segment of the population. However, 
this must be accomplished with the cooperative planning 
and association of county medical societies and practic- 
ing physicians. One of the great demands on American 
medicine is for effective community planning to help 
develop systems of comprehensive health care that will 
satisfy the health needs of the people. If local planning 
is consistently effective, the future of our pluralistic 
system of health care, preserving freedom of choice for 
both patient and physician, would seem to be more 
secure. 

We must avoid a monolithic health care system which 
would place the quality and quantity of medical care 
under budgetary control in Washington, depriving 
physicians of basic professional and civil freedoms. We 
have the awesome objective of trying to make medical 
services accessible to everyone without reducing the 
quality of the care, and still we must adequately control 
the cost. A change in the health care system that favors 
any two of these three factors will limit the third fea- 
ture. No other country has managed to blend these three 
factors to the satisfaction of the patient, the physician, 
and the cost accountant. Our pluralistic system lends 
itself to continual experimentation, innovation, and im- 
provement. 

These major changes in curriculum and in methodolgy 
have caused some educators to become concerned as to 
the total quality of the medical preparation. In the core 
curriculum, the teaching of the basic sciences is very 
compressed in time, is abstract, and the average student 
may have difficulty in fully appreciating the intrinsic and 
associated values of the courses. We must be certain that 
medicine remains a learned profession with a sound 
foundation in the basic medical sciences. The clinical 
educator should carefully stress the application of the 
basic sciences in the study of disease processes. The 
track system could have some serious inherent disadvan- 
tages unless it is carefully administered with great flexi- 
bility. Many students will have difficulty in defining 
clearly their ultimate career goals before considerable 
exposure to all of the clinical disciplines, and some may 
desire to alter these career choices before leaving medi- 
cal school. Tremendous acceleration in medical knowl- 
edge and technics and changing social attitudes and 
demands emphasize the necessity of continually review- 
ing medical curriculum. Medical education should in- 
clude a practical understanding of all of the scientific 
disciplines combined with sincere humanism, compas- 
sion, and concern for the welfare of the patient. Real- 
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istic, intelligent, cooperative planning should continue 
to assure fine health care in our great nation. 


Allied Health Education 


Our medical schools must be concerned with training 
persons in the related health professions. This instruc- 
tion is most effective if done within a large medical 
center with multiple programs. It is important for all 
health personnel to understand the inter-related roles 
and contributions of all members of the health team. 

Realizing that the field of allied health is most ener- 
getic, rapidly growing, and continually changing, the 
A.M.A. has wisely recommended re-evaluation of this 
entire facet of health care in 1975. A temporary mora- 
torium has been placed on state licensure for any addi- 
tional health occupations to permit time for more ac- 
curate appraisal. Educational programs should be flexi- 
ble enough to decelerate as well as to accelerate as the 
demand dictates. 


Financing 


Medical education is complex, sophisticated, and ex- 
pensive. Several schools in the United States, especially 
private institutions, are experiencing serious financial 
difficulties. Because of their financial distress, 61 medical 
schools have been awarded federal grants for special 
projects.ë Most of the financial responsibility for medi- 
cal education traditionally has come from the state gov- 
ernments, private and corporate philanthropy, and the 
federal government. 

The Comprehensive Health Manpower Training Act 
of 1971 was a mixed blessing. Schools were required to 
enlarge their freshman classes by at least 5%, or by 10 
students (whichever was larger) to receive any capi- 
tation funds. The A.A.M.C. requested $5,000 per stu- 
dent per year; the Bill authorized $2,500; but only two- 
thirds, $1,600, was funded. Recent federal reductions 
in research spending added to the financial distress of 
some schools. The White House Office of Management 
and Budget made a critical decision when it decreed 
that $142 million in construction grant money approved 
by Congress for fiscal 1972 would be distributed through 
1973 as well. At the time of this decree, approved but 
unfunded, applications on file totaled $400 million. Dr. 
Merlin DuVal, assistant H.E.W. Secretary for Health 
and Scientific Affairs recently stated that our medical 
schools have received more than a billion dollars in di- 
rect federal aid in the last few years.! An extensive study 
of the costs of medical education is to be completed 
by the National Academy of Sciences. Funding and con- 
trol of graduate medical education should be included 
in this study. As our academic health centers become 
increasingly dependent upon federal funding, further 
constraints and regulations will be the inevitable con- 
sequence of such support. Schools must assume the 
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responsibility for effective fiscal planning and manage- 
ment. Legislative approval of necessary government 
financial support to provide quality medical education 
must be assured. 


Education and Research 


The relative financial support of education and re- 
search is discussed frequently. Education and research 
are intimately related. A large portion of the funds 
designated for research actually are spent for teaching. 
About 50% of the members of medical faculties receive 
some portion of their salaries from federal grants, and 
over 10% of these educators are fully supported by such 
grants (mostly research grants). However, practically 
all medical faculty members are actively engaged in 
teaching. Some of this instruction is correlated with the 
research, but most of the teaching is within standard 
curricula. In addition to its intrinsic teaching value, med- 
ical school research has greatly accelerated biomedical 
advances during the past decade. The transfer of funds 
from research to teaching would not be a proper recom- 
mendation. Rather, there is a need for adequate sup- 
port of quality research. The federal government now 
finances about 63% of all medical research in the United 
States.* Last year, our nation spent 3.3 billion dollars on 
medical studies, and federal agencies provided slightly 
more than 2 billion dollars for this purpose. Although 
these are large amounts of money, medical research rep- 
resents only 11% of the total 28 billion dollars used for 
all forms of research. However, medicine’s proportion of 
the nation’s research budget has doubled in the past 20 
years. Continued effective support of quality basic and 
clinical investigation is essential to permit maximum 
progress in medicine. 


Veterans’ Administration 


The Veterans’ Administration’s Department of Medi- 
cine and Surgery has an important and increasing role 
in medical education and in health care delivery. The 
Veterans’ Administration employs about 6,000 full-time 
physicians, and more than 2,000 of these doctors have 
regular appointments on medical school faculties. Ad- 
ditionally, more than 10,000 physicians participate on 
a part-time or consultant basis. Approximately 100,000 
physicians are involved in a fee-basis program outside 
of the V.A. facilities. The V.A. is recognized as the 
country’s largest health care system." Approximately 
10,000 resident physicians rotate through V.A. training 
programs annually, and around 12,000 medical students 
are assigned each year. More than 25% of all physicians 
practicing in this country are reported to have received 
some part of their training in a V.A. hospital.* There will 
be approximately 60,000 trainees enrolled this year. 
About 90% of these will go directly into the private sec- 
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tor of health care. The United States Senate and the 
House of Representatives have passed legislation to pro- 
vide a pilot program for the establishment of eight new 
public medical and allied health professional schools and 
four area health education centers that will be affiliated 
with V.A. hospitals. The legislation authorizes grant as- 
sistance of 85 million dollars over a 7-year period.” 

The V.A. has been an important component of medi- 
cal education in this country and this involvement is 
progressing rapidly. Cooperative planning and develop- 
ment of medical education and research programs con- 
jointly by the V.A. and the private sector should be 
mutually beneficial and a great bonus for the taxpayer. 


Conclusions 


As members of a profession that is responsible for the 
health of our nation, physicians stand on the threshold 
of a period of crisis, challenge, and change. The very 
foundations of medical education are being re-evaluated, 
re-arranged, and re-structured. Socio-economic pressures 
are altering medical education and health care. We must 
intelligently and conscientiously analyze our medical 
education and health care systems, retaining and improv- 
ing the best of our present methods. We must adopt 
promising new ideas and work effectively to guide, di- 
rect, counsel, and propose plausible, effective programs 
based on the private practice of medicine that will re- 
ceive and retain public and legislative approval. Our 
associated problems are legion and they will tax our 
intelligence, ingenuity, and skill. Medicine must rise to 
this challenge and provide the leadership that it uniquely 
is equipped to supply. While the challenges to medicine 
are awesome, they are not insurmountable. With Divine 
guidance, and intelligent, aggressive, cooperative effort, 
I am confident that continuing improvements can be 
achieved in medical education and in providing excellent 
health care to all of our citizens. 
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Factors Contributing to Leakage of Colonic Anastomoses 


THEODORE R. SCHROCK, M.D., CLIFFORD W. DEVENEY, M.D., 


ucu of the morbidity and approximately one-third 
M of the deaths from operations on the colon are 
caused by leakage of anastomoses.7:8 Disruption of the 
suture line is clinically apparent in 5% or less of all 
colonic anastomoses,® but the true incidence of this com- 
plication is probably much higher. Dehiscence was found 
in as many as 69% of low anterior resections when pa- 
tients were studied thoroughly.” 

Healing of suture lines in the colon is dependent upon 
many systemic and local factors.!™18 Absolute requisites 
for successful anastomosis include healthy bowel,*?2 
good blood supply, absence of tension, and accurate 
placement of sutures to ensure a water-tight seal.? Nearly 
every surgeon, however, has witnessed breakdown of 
technically satisfactory anastomoses. Since these failures 
tend to occur in specific circumstances, a tradition has 
developed that anastomosis is more hazardous in some 
situations than in others. 

Traditional views come under attack periodically, An 
example is the claim that emergency resection and 
anastomosis of unprepared left colon can be performed 
safely in selected patients with massive hemorrhage, 
perforated carcinoma, or acute diverticulitis with local- 
ized abscess or peritonitis.!°!° The controversy sparked 
by this recommendation has prompted us to re-examine 
the incidence and consequences of anastomotic disrup- 
tion in a large series of cases. We specifically sought to 
identify those factors which contribute to the develop- 
ment of suture line dehiscence. 


Material and Methods 


The records of all patients undergoing anastomosis of 
the colon at the University of California, San Francisco 
Medical Center, between 1951 and 1970 were reviewed. 
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Anastomotic leakage was documented by reoperation, 
appearance of a fistula, or by radiographic examination, 
or was strongly suggested by the patient's clinical course. 
Routine postoperative diagnostic studies were not ob- 
tained. Data were recorded on several systemic and local 
factors which might contribute to anastomotic disrup- 
tion, and statistical analyses were made by the Chi- 
Square test, or the exact binomial distribution was cal- 
culated instead if groups were small. 

Six senior surgeons and approximately 75 surgical 
residents performed anastomoses during the 20-year 
period. In elective cases, the colon was prepared me- 
chanically, and an oral antibacterial agent was usually 
given. Open, two-layer, inverting, end-to-end anastomo- 
ses predominated, however other methods were also 
used, Drainage of the anastomotic site was provided only 
in exceptional circumstances. Nearly all forms of surgi- 
cal colonic disease were represented, although penetrat- 
ing injuries of the colon were uncommon. 


Results 
Morbidity and Mortality 


The overall morbidity was 24% in 1703 colonic anasto- 
moses performed during the 20-year period. Anastomo- 
ses disrupted in 4.5% of the cases, wound infection de- 
veloped in 7.7%, cardiovascular complications in 5.1%, 
and other complications in 12%. 

The overall mortality was 4.0%, and 37% of the deaths 
were due to anastomotic leakage. The mortality in pa- 
tients with anastomotic dehiscence was 33% compared 
with 2.6% in patients with intact anastomoses. The mor- 
tality from leakage was 36.8% in enterocolic anastomoses, 
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TABLE 1. Single Variables 
Variable Category Anastomoses Leaks F 
Age (Years) 0-10 57 3 (5.3%) p> 0.25 
11-40 230 5 (2.2%) = 
41-60 642 24 (3.71%) p >0.25 
61-80 720 39 (5.4%) p < 0.05 
81+ 52 5 (9.6%) p < 0.01 
Anemia 35 370 26 (7.0%) p < 0.025 
(Hematocrit) >35 1281 48 (3.7%) 
Radiation Yes 35 5(14.3%) p < 0.01 
Therapy No 786 36 (4.6%) 








36.8% in left colocolostomies, and 26.5% in left colorectal 
anastomoses. 


Single Variables Which Correlate With 
Anastomotic Leakage 


The incidence of anastomotic dehiscence with re- 
spect to single variables is shown in Tables 1-3. 

Age. Patients 11 to 40 years of age had the lowest 
incidence of anastomotic disruption (2.2%). In patients 
older than 60 years, dehiscence was significantly more 
common (5.4%), and patients over the age of 81 had 
a still higher incidence of leakage (9.6%). 

Anemia. If the last hematocrit recorded prior to op- 
eration was less than 35%, the patient was arbitrarily 
termed “anemic.” In anemic patients, the rate of anasto- 
motic dehiscence was 7.0% as compared with 3.7% in pa- 
tients with normal hematocrits (p < 0.025). 

Radiation Therapy. External radiation therapy was de- 
livered to the abdomen at some time prior to operation 
in 35 patients. Anastomotic failure occurred in 14.3% of 
this group compared with 4.6% in patients without radia- 
tion therapy (p < 0.01). 

Schedule. Colonic suture lines disrupted in 8.2% of 
patients operated upon as emergencies, while elective 
anastomoses dehisced in 4.1% (p < 0.025). 

Infection. Anastomoses leaked in 10.5% of cases when 
peritonitis, abscess or fistula was encountered at opera- 








TABLE 2. Single Variables 
Variable Category Anastomoses Leaks fF 
Schedule Elective 1505 61 (4.1%) p < 0.025 
Emergency 195 16 (8.2%) 
Infection Yes 200 21 (10.5%) p < 0.005 
No 1503 56 (3.7%) 
Intraoperative Yes 84 9 (10.7%) p < 01 
Hypotension No 1507 66 (4.4%) 
Intraoperative 0-1 1259 41 (3.3%) 
Transfusions 2-3 261 22 (8.4%) p < .001 
(Units) 4 or more 74 12 (16.2%) p > 0.05 
Duration of <3 440 14 (3.2%) 
Operation 3-5 823 33 (4.0%) 
(Hours) >5 323 28 (8.7%) +p < 0.01 





SCHROCK, DEVENEY AND DUNPHY 


Ann. Surg. * May 1973 











TABLE 3. Single Variables 
Variable Category Anastomoses Leaks P 
Peritoneal 
Level Intraperitoneal 1411 48 (3.4%) p < 0.005 
Extraperitoneal 251 26 (10.4%) 
Segment SB to right colon 577 22 (3.8%) 
Colocolic 579 19 (3.3%) 
Left colocolic 408 13 (3.2%) 
Left colorectal 368 34 (9.2%) p < 0.005 
Carcinoma 
at 
Margins Yes 15 3 (20.0%) p < 0.01 
No 542 23 (4.2%) 





tion. The rate of anastomotic failure was 3.7% if no in- 
fection was present (p < 0.005). 

Intraoperative Hypotension. A patient was classified 
as hypotensive if the systolic blood pressure declined by 
50 mm. Hg below baseline for 15 minutes or longer. 
Hypotension was associated with subsequent anasto- 
motic dehiscence in 10.7% of patients, and leakage oc- 
curred in only 4.4% of patients who remained normo- 
tensive throughout the operation (p < 0.01). 

Intraoperative Transfusion, Anastomotic disruption de- 
veloped in 3.3% of patients who received none or one 
unit of whole blood during the 24-hour period following 
induction of anesthesia. Two or three transfusions cor- 
related with 8.4% leakage (p < 0.001), and 16.2% of pa- 
tients who were given four or more units of whole blood 
had dehiscence. The difference in rate of leakage be- 
tween the latter two categories was not statistically sig- 
nificant (p > 0.05). 

Duration of Operation. In operations that lasted more 
than 5 hours, dehiscence was much more common (8.7%) 
than in procedures lasting from 3 to 5 hours (4.0%, p < 
0.01) or less than 3 hours (3.2%). 

Peritoneal Level. Intraperitoneal anastomoses leaked in 
3.4% of cases, and extraperitoneal anastomoses disrupted 
in 10.4% (p < 0.005). The latter category consisted al- 
most exclusively of rectal anastomoses. 

Segment. Dehiscence occurred in 3.8% of anastomoses 
between small bowel and ascending or transverse colon, 
in 3.3% of all colocolic anastomoses, and in 3.2% of left 
colocolic anastomoses. Suture to the rectum was excluded 
from these three categories. Coloproctostomies leaked 
more frequently (9.2%) than other left-sided anastomoses 
(p < 0.005). 

Carcinoma at Margins. Carcinoma extending to the 
line of resection was associated with a 20% rate of leak- 
age compared with 4.2% disruption in operations for car- 
cinoma when the margins were free of tumor (p < 0.01 E 

Disease. Table 4 shows the disease for which anasto- 
mosis was performed; in patients with multiple colonic 
abnormalities, the most significant was listed. No leaks 
occurred in 131 colotomy and polypectomy procedures, 
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while two anastomoses disrupted among 37 segmental 
resections for benign polyps. 


Single Variables Which Do Not Correlate With 
Anastomotic Leakage 


Steroids. Leakage occurred in five of 71 patients (7.0%) 
who received glucocorticoid therapy at the time of op- 
eration, and 72 anastomoses disrupted in 1632 patients 
(4.4%) who were not given steroids. This difference is 
not statistically significant (p = 0.3). 

Nutrition. Anastomotic dehiscence developed in 13 of 
200 patients (6.5%) judged to be in a poor nutritional 
state at operation, and suture lines broke down in 61 
of 1455 patients (4.2%) thought to be nutritionally ade- 
quate. This difference just fails to reach statistical sig- 
nificance (p > 0.06). 

Other Systemic Factors. No relationship was demon- 
strated between the incidence of leakage and the pres- 
ence of heart disease, lung disease, renal disease, dia- 
betes, extracolonic malignancies, or medications other 
than steroids. 

Experience of Surgeon. Leakage occurred in 42 of 
984 anastomoses (4.3%) performed by senior surgeons 
and dehiscence was found in 35 of 715 anastomoses 
(4.6%) constructed by resident surgeons. The incidence 
of disruption was about the same from one 5-year period 
to another. 

Technic of Anastomosis. No significant differences were 
found in the rate of anastomotic leakage in relation to 
details of technic, such as open or closed, one or two 
layers, or end-to-end versus other methods. 

Proximal Decompression. Proximal colostomy or ce- 
costomy was established previously or concomitantly 
in 275 patients, of whom 20 had leaks (7.3%), and 57 
disruptions occurred in 1421 patients (4.0%) who did 
not have proximal decompression. 

Other Local or Technical Factors. No correlation was 
found between anastomotic disruption and the presence 
of colonic obstruction, method of bowel preparation, ade- 
quacy of preparation, use of antibiotics systemically or 
topically, or other organs resected with the colon. 


Multiple Variables Which Correlate With 
Anastomotic Leakage 


The deleterious consequences of single variables were 
additive in general. Leakage occurred in only 13 of 751 
cases (1.7%) when none of the factors identified as un- 
favorable were present, but 64 of 952 anastomoses (6.7%) 
broke down when one or more of these variables were 
noted. Extraperitoneal anastomosis was not regarded as 
unfavorable in calculating these figures. A few of the 
combinations of variables which we analyzed are listed 
below. 

Anemia and Transfusion. The combined effects of 
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TABLE 4. Disease 
ERER A SE N EE N S E EN 
Disease Anastomoses Leaks 

Carcinoma 672 35 (5.2%) 
Diverticular disease 216 8 (3.7%) 
Polyp (benign) 168 2 (1.2%) 
Colostomy takedown 159 5 (3.1%) 
Crohn's disease 125 5 (4.0%) 
SB obstruction 89 4 (4.5%) 
Other 274 18 (6.6%) 


anemia, preoperative transfusion and intraoperative 
transfusion are shown in Table 5. Anemia requiring pre- 
operative transfusion was not deleterious by itself; pa- 
tients with chronic illness or minor hemorrhage fit into 
this category. Transfusion of two or more units of blood 
during operation, however, was a strong influence to- 
ward higher rates of anastomotic disruption, both in 
anemic patients and in those with normal preoperative 
hematocrits. Intraoperative blood loss might reflect tech- 
nical difficulties related to the disease, but in patients 
with anemia prior to operation it probably also repre- 
sents massive hemorrhage from the colon as the primary 
problem leading to operation. The incidence of leakage 
in the latter group (31.8%) was the highest encountered 
in this study. 

Intraoperative Tranfusion and Duration of Operation. 
In Table 6 the interaction between duration of operation 
and number of transfusions is shown. If only one unit 
of blood was transfused, a lengthy operation did not ad- 
versely influence the incidence of leakage. If two or more 
units of blood were given, however, dehiscence was more 
frequent for each time period and was raised further by 
increasing duration of operation. 

Segment Anastomosed and Schedule. Emergency left 
colocolic or colorectal anastomoses had poorer results 
than elective ones, but the rate of leakage in anastomoses 
of small.bowel to right colon was not significantly differ- 
ent in emergency or elective procedures (Table 7). The 
high percentage of leakage in emergency left colon 
anastomoses undoubtedly reflects several factors, in- 
cluding unprepared colon and the nature of the disease 
requiring emergency intervention. 

Segment Anastomosed and Infection. Peritonitis, ab- 


TABLE 5. Multiple Variables: Anemia and Transfusion 





Intraoperative 
Transfusion 





(Units) No Anemia Anemia* 
Anastomoses Leaks Anastomoses Leaks 
TE 1011 31 (3.1%) 141 4 (2.8%) 
P 161 10 (6.2%) 65 7 (10.8%) 
4 or more 39 5 (12.8%) 22 7 (31.8%) 





* All anemic patients in this category were transfused prior to 
operation 
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TABLE 6. Multiple Variables: Inoperative Transfusion 


and Duration of Operation 


Duration of 


Operation 0-1 Transfusions 2 or more Transfusions 
Anastomoses Leaks Anastomoses Leaks 
<3 Hours 429 13 (3.0%) 19 1 (6.2%) 
3-5 Hours 680 21 (3.1%) 141 12 (8.5%) 
>5 Hours 150 7 (4.7%) 172 21 (12.2%) 


scess or fistula strongly favored leakage regardless of the 
segment anastomosed (Table 8). Left colocolic anastomo- 
ses did not have a higher incidence of dehiscence (2.4%) 
than enterocolic anastomoses (3.1%) provided no infec- 
tion was present. The tendency of coloproctostomy to 
disrupt was extremely high (20.5%) if infection was 
encountered at operation. 

Diagnosis and Segment Anastomosed. Right colectomy 
and left colectomy for carcinoma had identical rates of 
leakage (3.0%), and a comparable incidence of disrup- 
tion (2.6%) was seen in segmental resection of left colon 
for diverticular disease (Table 9). Colorectal anastomo- 
ses leaked in 10% of patients with carcinoma and 4.7% 
of patients with diverticular disease. Colorectal anasto- 
moses in diverticular disease were usually high (intra- 
peritoneal), and many of the patients with carcinoma 
had low (extraperitoneal ) suture lines. 

Left Colectomy for Diverticular Disease: Schedule 
and Infection. Emergency left colonic anastomosis for 
diverticular disease was followed by leakage in more 
than 12% of the cases (Table 10). A similar incidence of 
dehiscence was seen in elective anastomoses performed 
in the presence of infection (10.5%), but when no infec- 
tion was present, only 0.6% of 155 elective anastomoses 
disrupted. 

Left Colorectal Anastomosis: Peritoneal Level, and 
Proximal Decompression. Proximal decompression was 
not associated with a lower incidence of leakage in in- 
traperitoneal or extraperitoneal left colorectal anastomo- 
ses, but death in patients with leakage was reduced 
(Table 11). Not shown in Table 11 is the type of proxi- 
mal decompression. Transverse colostomy was performed 
in 11 patients with extraperitoneal anastomoses; three 
leaks resulted, and none of these patients died. Tube 


TABLE 7. Multiple Variables: Segment and Schedule 
Segment 
Anastomosed Elective Emergency 
Anastomoses Leaks Anastomoses Leaks 
SB to right colon 397 13 (3.3%) 111 6 (5.4%) 
Left colocolic 507 15 (3.0%) 37 4 (10.8%) 
Left colorectal 345 29 (8.4%) 23 § (21.7%) 
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TABLE 8. Multiple Variables: Segment and Infection 
Segment 
Anastomosed No Infection Infection 
Anastomoses Leaks Anastomoses Leaks 
SB to right colon 422 13 (3.1%) 87 6 (6.9%) 
Left colocolic 487 12 (2.4%) 58 7 (12.1%) 
Left colorectal 329 26 (7.9%) 39 8 (20.5%) 


cecostomy was used in 88 extraperitoneal anastomoses; 
nine leaks occurred, with a mortality of 22.2%. 


Discussion 


The overall incidence of clinically significant anasto- 
motic disruption in 1703 cases was 4.5%. This figure 
compares favorably with previous reports which ana- 
lyzed colonic anastomoses retrospectively.™ 162? Morbid- 
ity, mortality, and mortality of leakage were also similar 
to the results in other series. 

The cause of anastomotic dehiscence in an individual 
patient cannot be determined in a retrospective study. 
Blood supply, tension, technic, appearance of the bowel, 
fecal spillage, and many other factors which influence 
anastomotic healing cannot be assessed adequately. 
Retrospective studies also tend to underestimate the im- 
portance of factors for which incomplete or uncontrolled 
data are available. Nutritional state, colonic obstruction, 
and various systemic diseases failed to correlate with 
anastomotic disruption in the present study, which is not 
to say that these factors are inconsequential. We found 
no relationship between steroids and anastomotic leak- 
age,*4 but experimental data suggest that glucocorticoids 
impair synthesis of collagen in cutaneous wounds? and, 
by inference, colonic wounds as well.” We cannot com- 
ment on the role of antibiotics; some claim that anti- 
biotics help to heal endangered anastomoses,’ ** but 
others find that only certain types of anastomoses are af- 
fected,!® and some surgeons do not use antibiotic bowel 
preparation of all. 

The validity of findings in the present study is based 
on the assumption that surgeons maintain consistent 
standards of excellence and that a large series of cases 
is internally controlled when all operations are performed 


TABLE 9. Multiple Variables: Diagnosis and Segment 
Segment 

Diagnosis Anastomosed Anastomoses Leaks 

Carcinoma SB to right colon 234 7 (3.0%) 
Left colocolic 168 5 (3.0%) 
Left colorectal 219 22 (10.0%) 

Diverticular Left colocolic 117 3 (2.6%) 
Left colorectal 85 4 (4.7%) 
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by a few senior surgeons and a resident staff taught by 
those surgeons. Variables which correlate statistically 
with high rates of anastomotic disruption are therefore 
related in some way to impaired colonic healing. 

A few of the isolated variables were causally related 
to anastomotic breakdown; radiation therapy, carcinoma 
at surgical margins, and infection probably fit into this 
category. Peritoneal level and the segment anastomosed 
were also powerful determinants of leakage. 

Other variables reflected complex situations which 
we attempted to analyze further, and several of these 
factors were related to hemodynamic status. Preopera- 
tive anemia, intraoperative hypotension, and intraopera- 
tive transfusions were highly significant individually or 
in combination; anastomoses leaked in 31.8% of patients 
in the most extreme of these groups. Cutaneous wound 
healing in experimental animals is retarded by hypo- 
volemia, hypoxia, or other consequences of massive 
hemorrhage and multiple transfusions, and the present 
results suggest a similar impairment of colonic healing 
in humans.!* 

Infection was deleterious to healing of anastomoses 
regardless of which segments of bowel were sutured. 
The presence or absence of infection appeared to be 
the critical determinant of outcome in at least one cate- 
gory, elective resection of the left colon for diverticular 
disease; when infection was clearly stated to be absent, 
only one of 155 anastomoses disrupted. Collagenase ac- 
tivity of the colon?’ is enhanced by infection adjacent to 
experimental colonic anastomoses,'* and theoretically 
this could be the mechanism by which infected anasto- 
moses are weakened, although clinical confirmation is 
unavailable. 

Leakage was more frequent in emergency resection 
than in elective operations. This difference can be par- 
tially attributed to hemorrhage and infection, but in 
emergency left colectomy, the rate of dehiscence also 
reflected the consequences of anastomosing unprepared 
bowel. In patients with diverticular disease, emergency 
left colectomy with primary anastomosis was followed 
by leakage in more than 12% of cases even though in- 
fection was not encountered at operation. Indications 
for primary anastomosis after emergency right colec- 
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TABLE 10. Left Colectomy for Diverticular Disease— 
Multiple Variables: Schedule and Infection 











Schedule Infection Anastomoses Leaks 
Elective No 155 1 (0.6%) 
Yes 38 4 (10.5%) 
Emergency No 15 2 (13.3%) 
1 tiz3s%) 


Yes 8 





tomy are more liberal than for left colectomy,'* °° and 
our data support that view. 

In elective cases without infection, the segment 
anastomosed (excluding the rectum) had surprisingly 
little influence upon leakage. The rates of dehiscence 
were identical (3.0%) folowing right or left colectomy 
for carcinoma, suggesting that the inherent healing prop- 
erties of right and left colon are similar in ideal cir- 
cumstances. 

Anastomosis to the rectum deserves its reputation for 
frequent breakdown. We found an overall incidence of 
leakage of 9.2% in left colorectal anastomoses and 10.4% 
in low rectal anastomoses; this figure is substantially 
lower than the 27% incidence of overt fistula following 
low anterior resection reported by Goligher et al.,!° and 
the 25% rate of disruption reported by Morgenstern 
et al.** Poor blood supply!” and exclusion from the peri- 
toneal cavity!*:!%.5 are factors which contribute to leak- 
age of low rectal anastomoses. Low anastomoses may be 
protected by free peritoneal grafts,!” but it is doubtful 
that peritoneum devoid of blood supply retains its ability 
to handle bacterial contamination in the normal fashion. 

The issue of proximal decompression has been much 
debated. Our findings support the conclusions of others 
that proximal decompression does not protect against 
the development of anastomotic disruption.!®?? Trans- 
verse colostomy did appear to lessen the consequences 
of leakage,*11?7 but tube cecostomy did not have the 
same beneficial effect.*? Definitive answers to questions 
regarding the value of proximal decompression must 
await controlled studies; in the present series, some 
surgeons who did not use proximal decompression rou- 
tinely did construct a colostomy or cecostomy if the 
anastomosis was tenuous. 








TABLE 11. Multiple Variables: Left Colorectal Anastomosis, Peritoneal Level and Proximal Decompression 
Decompression No Decompression 
Peritoneal Mortality Mortality 
Level Anastomoses Leaks of Leak Anastomoses Leaks of Leak 
Intraperitoneal a5 2 ( 6.1%) 0% 71 4 (5.6%) 50.0% 
Extraperitoneal 99 12 (12.1%) 16.7% 136 13 (9.6%) 31.5% 
Total Cases 129 15 (11.6%) 13.3% 238 19 (8.0%) 35.3% 
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Healing of colonic anastomoses is determined by the 
algebraic sum of many factors. Morgenstern et al., have 
devised a table in which unfavorable factors are 
weighted, and if a patient exceeds a certain score, anasto- 
mosis is deemed inadvisable.** Although the operative 
situation is generally too complex*to be reduced to a 
simple equation, the principle is certainly valid. In the 
present series, when no unfavorable factors were pres- 
ent, leakage occurred in only 1.7% of anastomoses, in- 
cluding patients with low colorectal anastomoses, When 
one or more dangerous factors were noted, anastomoses 
leaked in 6.7%. 

We conclude that there is little reason to radically 
alter traditional concepts regarding colonic anastomosis. 
Emergency resection of the left colon remains an un- 
favorable situation for healing of primary anastomo- 
ses,”™?! and any colonic anastomosis in the presence of 
infection is extremely hazardous. If surgeons adhere to 
the principles learned at great cost over the years, the 
incidence of clinically significant leakage from colonic 
anastomoses should be less than 2%. 


Conclusions 


1. The incidence of leakage was 4.5% in 1703 colonic 
anastomoses. The mortality from suture line dehiscence 
was 33%, and this complication accounted for 37% of 
deaths. 

2. Radiation therapy, carcinoma at margins, and in- 
fection were causally related to anastomotic disruption. 

3. Elective right and left colectomy had identical 
rates of leakage provided no infection was present. 

4. Elective resection of left colon for diverticular dis- 
ease resulted in only 0.6% leakage if no infection was 
present. 

5. Emergency left colonic anastomoses disrupted in 
more than 10% of cases regardless whether infection was 
encountered. 

6. Massive hemorrhage correlated with a very high 
rate of anastomotic dehiscence (31.8%). 

7. Low colorectal anastomoses disrupted in 10% of 
cases, and disruption was not prevented by proximal 
decompression. Transverse colostomy appeared to pre- 
vent mortality from leakage, but tube cecostomy did not. 

8. Dehiscence was seen in only 1.7% of colonic anasto- 
moses performed in ideal circumstances, while leakage 
occurred in 6.7% of anastomoses constructed in the pres- 
ence of one or more unfavorable factors. 
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Emergency Subtotal Colectomy: 


Preferred Approach To Management of Massively Bleeding Diverticular Disease 


THEODORE DRAPANAS, M.D., D. GLENN PENNINGTON, M.D., 


A 69-year-old woman with a history of hypertension 
was admitted to the hospital with the sudden 
onset of bright red bleeding from the rectum after col- 
lapsing at home. Except for signs of oligemia the physi- 
cal examination was unrewarding. Following resuscita- 
. tion with whole blood, emergency proctoscopy revealed 
the rectum and lower sigmoid to be full of bright red 
blood which appeared to be coming from above the 
reach of the instrument. Emergency celiac and superior 
mesenteric angiography did not reveal the bleeding 
point. Barium enema X-ray revealed numerous diver- 
ticula scattered throughout the entire colon. An upper 
gastrointestinal series was normal, Coagulation studies 
were normal. During the next 8 hours in the hospital the 
patient continued to bleed despite the administration 
of six units of whole blood. Nasogastric aspirate con- 
_ tained clear gastric content mixed with bile. 

A number of distressing and vexing problems con- 
front the surgeon called upon to treat such a patient for 
numerous reports have attested to the controversies con- 
cerning, the frequency of bleeding from diverticulosis, 
the conservative versus surgical forms of management, 
and to the risks of emergency operation upon such 
elderly patients. Because of these problems, a conserva- 
tive attitude of avoiding operation if possible had been 
adopted by many.*?5:33 Moreover, if forced to operate, 
the surgeon was often advised to attempt to identify the 
bleeding point in an effort to limit the extent of the op- 
erative procedure. Unfortunately this attitude of pro- 
crastination along with futile surgical maneuvers often 
led to deterioration of the patient’s conditions in the 
face of continued hemorrhage. 

Cognizant of these problems and based upon a num- 
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ber of scattered reports suggesting that emergency sub- 
total colectomy could be safely performed in such pa- 
tients, we began to pursue a more aggressive surgical 
approach approximately 5 years ago. We undertook a 
prospective study to evaluate emergency subtotal co- 
lectomy with ileosigmoidostomy for the management of 
exsanguinating hemorrhage resulting from diffuse co- 
lonic diverticulosis. 

Patient Selection. All patients with massive bleeding 
from the rectum were admitted to the surgical service 
and after initial resuscitation were promptly evaluated by 
proctoscopy and barium enema X-ray, in addition to 
determination of the hematocrit, hemoglobin, white 
count and a simple screening test for coagulation abnor- 
malities. During this 5-year period (1968-1972) we were 
able to identify 30 patients who experienced exsanguinat- 
ing hemorrhage, which persisted following admission 
and in whom no readily identifiable lesion could be 
identified other than diverticulosis of the colon. 

The mean age of these 30 patients was 65 years; the 
youngest was 50 years old and the oldest, 75 years. 
Fourteen patients were 65 years of age or older. Ten 
patients were men and 20 were women, a M:F ratio 
of 1:2. 

In 25 of these 30 patients, the only lesion demonstra- 
ble on barium enema X-ray was diffuse diverticulosis 
involving the entire colon to a variable degree (Figs. 
1, 2). In the remaining five patients, diverticulosis was 
suspected, but the X-rays were equivocal due to poor 
preparation of the colon or the patient's inability to co- 
operate during the examination. In none of the patients 
was there any clinical evidence of active diverticulitis. 





Fic. 1. Emergency barium enema X-ray obtained in a 67-year-old 
patient with exsanguinating colonic bleeding. Diffuse diverticulo- 
sis is evident with involvement of the entire colon. There was no 
evidence of diverticulitis. Emergency subtotal colectomy with 
side-to-end ileosigmoidostomy was performed. The patient had an 
uneventful postoperative course and is now well with no rebleed- 
ing. He has two formed bowel movements per day. 


In 17 of these patients exsanguinating hemorrhage con- 
tinued and an emergency operation was performed. In 
the remaining 13 patients, the hemorrhage was initially 
controlled only to recur again during the same hospitali- 
zation. Other patients continued slow bleeding of suf- 
ficient magnitude to warrant an urgent surgical interven- 
tion. Table 1 shows the volume of blood administered 
to these two groups of patients. The mean volume ad- 
ministered was 2,650 ml. in the emergent group and 
2,700 ml. in the urgent group. However, there was a 
wide variation from patient to patient and a number of 
patients received even larger volumes of whole blood, 
the largest amount being 15,500 ml. 

Twenty-one of the patients (67%) had an associated 
disease, most common among which was diffuse athero- 
sclerosis, hypertension, diabetes mellitus and congestive 
heart failure (Table 2). This frequent association of 
atherosclerosis, hypertension and/or diabetes with 
bleeding diverticulosis has frequently been noted by 
others. 

In fifteen (50%) of these patients, there was a history 
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of colonic hemorrhage (Fig. 3). Twelve of these pa- 
tients had been admitted previously for bleeding diver- 
ticulosis which was controlled by medical measures and 
their present episode represented recurrent hemorrhage. 
Three additional patients had operation performed for 
control of colonic bleeding during a previous admis- 
sion. These procedures included a limited sigmoid re- 
section in two patients and a right hemicolectomy in the 
third patient. 

Operative Procedure. After careful preoperative as- 
sessment and determination that hemorrhage was life- 
endangering, the abdomen was explored through a mid- 
line incision, Abdominal viscera were carefully evalu- 
ated for other possible causes of hemorrhage, in par- 
ticular duodenal ulcer, Meckel’s diverticulum, intus- 
susception and carcinoma. In most patients this usually 
revealed the entire colon to be filled with blood and in 
well over half of the patients there was reflux of blood 
through an incompetent ileocecal valve into the distal 


: 
2 





Fic. 2. Barium enema in a 60-year-old woman admitted for ex- 
sanguinating hemorrhage. There are various scattered diverticula 
present in the transverse colon, ascending colon and cecum. This 
patient also had an emergency subtotal colectomy with complete 
cessation of bleeding. Postoperative examination of specimen re- 
vealed a number of diverticula in the ascending colon with evi- 
dence of minute alterations, presumably responsible for the hemor- 
rhage. In this patient, a sigmoid colectomy would probably not 
have controlled the bleeding. The patient is doing well with no 
diarrhea. 
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small bowel. Numerous diverticula involving the colon 
could be readily identified in all patients. If no other 
lesion was identified no effort was made to identify the 
bleeding point: by multiple colotomies and operative 
endoscopy, by isolation of various segments of the colon 
between non-crushing clamps or by temporary trans- 
verse colostomy. 

In these circumstances we have proceeded immedi- 
ately with a subtotal colectomy thereby removing all of 
the diverticular-bearing area of the colon (Fig. 4). The 
resection is extended to the distal sigmoid, leaving ap- 
proximately 20-25 cm. of colon (distal sigmoid and 
rectum); a primary anastomosis was performed in two 
layers utilizing the side-to-end ileosigmoidostomy popu- 
larized a number of years ago by Baker. Our experience 
to-date confirms that the latter technic of anastomosis is 
safer and is more easily performed, avoiding the techni- 
cal difficulty of an end-to-end anastomosis between the 
small distal ileum and the larger distal sigmoid which 
was often quite dilated. 

With careful surgical technic and meticulous packing 
of the pelvis during the anastomosis very little spillage 
of intraluminal content occurs. The pelvis is then care- 
fully irrigated with copious amounts of normal saline or 
Ringer's lactate solution and the mid-line abdominal in- 
cision is closed in two layers. We have not found it 
necessary to drain the anastomosis, the pelvis or the 
wound. 

Postoperatively, nasogastric decompression is con- 


tinued for a minimum of 48 hours or until there is re- 


tum of peristalsis. Serum electrolytes and fluid balance 
are carefully monitored and early ambulation is begun. 

Initially, some patients had as‘ many as four to six 
loose or watery stools per day. However, this diarrhea 
was readily controlled with codeine and/or diphenoxy- 
late hydrochloride (Lomotil®). 

We did not encounter a single instance of disabling 
diarrhea in the 27 patients who survived the operative 
procedure, Most patients by the time of discharge had 
one to five semi-solid or formed stools per day with a 


mean of 2.5 stools per day in the entire group. Only 


one patient required medication after discharge but 
this was discontinued after 2 months. 
Complications. The postoperative complications en- 


countered are listed in Table 3. In view of the advanced 


ages of these patients and the emergent circumstances 


TABLE 1. Blood Trensfustons 
No. Blood* 
Patients Administered Range 
Emergent 17 2,650 ml. 1,000-4,000 ml. 
Urgent 13 2,750 mi. 1,500-15,500 ml. 


* Mean 
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TABLE 2. Associated Diseases 


No. Patients 


Arteriosclerosis 10 
Hypertension 

Diabetes mellitus 
Congestive heart failure 
Miliary tuberculosis 
Chronic renal failure 
Abdominal aortic aneurysm 
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concerning the operative procedure, the complications 
were surprisingly few, Nineteen of the 30 patients had 
a totally uneventful postoperative course without a single 
complication. In the 11 remaining patients there were a 
number of complications with three deaths. One patient 
died of peritonitis from an anastomotic leak which was 
due to technical error. The second patient was admitted 
with frank cardiac failure which required correction 
with digitalis, and blood replacement to restore blood 
volume. Postoperatively cardiac failure continued and 
he succumbed to pulmonary edema resulting from acute 
myocardial infarct. The third death occurred in a pa- 
tient previously on the medical service with chronic 
renal failure, uremia and active miliary tuberculosis 
with positive sputum. Death occurred on the 7th post- 
operative day from pulmonary emboli and cardiac de- 
compensation complicating uremia and tuberculosis. 

Three patients had urinary tract infections which 
were readily treated with antibiotics and two patients 
suffered complications of shock including a cerebral 
vascular accident and acute tubular necrosis in the 
preoperative period, One patient had a transient period 
of massive diarrhea suspected to be acute enterocolitis 
which responded promptly to anti-staphylococcal chem- 
otherapy and volume replacement. All of these patients 
survived. 

In Table 4 are listed the methods of antibiotic treat- 
ment in the entire series of patients. Three wound in- 


Fic. 3. History of previ- 
ous hemorrhage from the 
entire group of 30 pa- 
tients. In the 15 patients 
there was no previous 
history. However, the re- 
maining 15 patients had 
one or more previous 
episodes of bleeding re- 
quiring admission to the 
hospital. Twelve of these 
patients had previously 
received medical therap 

and had stopped bleed- 
ing. Three patients (10%) 
of the entire series had . 
previous localized resection of the sigmoid for diverticulosis 4 
years, l year and 5 months respectively. Bleeding appeared to 
arise from the remaining diverticula in the unresected portion of 
the colon. 
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TABLE 3. Surgical Complications 
No. Patients 
Wound infection 3 
Urinary tract infection 3 
Cerebral vascular accident 1 
Pneumonia 1 
Pulmonary edema 1” 
Prolonged ileus 1 
Anastomotic leak 1* 
Acute tubular necrosis __ 1 
Enterocolitis 1 
Pulmonary emboli 1” 
* Death 


fections were encountered in the 30 patients postopera- 
tively (10%). Two of these wound infections and one 
anastomotic leak were encountered in the 17 patients 
in the emergent group. Obviously, an inadequate period 
existed for preoperative colon preparation in these pa- 


TABLE 4. Antibiotic Treatment 


No. Administered No. 
Patients Route Infections 
Emergent 17 Systemic ` 3* 
Urgent 13 Oral gr 
Total 30 5 (16.6%) 


* 2 wd infections, 1 anastomotic leak 
** Í wd infection, 1 enterocolitis 
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Fic. 4. Operative technic, In 


ao fe be p « * 
Nae ere instances where multiple diver- 


SA See 
ear Bee 
d fh jE | wey 


ohh Sh eht ER 
À ib ay iw of 
ne 


ticular are present throughout 
the colon, the area of preferred 
resection is shown. Very little of 
the ileum is resected, the end 
of the ileum is turned in and a 
side-to-end anastomosis is made 
between the distal ileum and 
the distal sigmoid in two layers. 
We have not found the use of 
drains for the anastomosis or 
diverting procedures necessary. 


tients but systemic antibiotics were administered either 
intraoperatively or for varying periods postoperatively 
as prophylaxis against infection resulting from operation 
upon the unprepared colon. However, in the 13 patients 
listed in the urgent category a sufficient preoperative 
period existed to adequately prepare the colon with a 
24 to 36-hour period, usually with neomycin and sulfa- 
thalidine administered in divided doses prior to opera- 
tion. In the latter group there was one wound infection 
and one suspected case of enterocolitis. We concluded 
that preoperative preparation of the colon made little, 
if any, difference upon the rate of wound infection in 
these patients. Presumably the diarrhea resulting from 
hemorrhage produced adequate mechanical preparation 
despite the presence of large quantities of blood remain- 
ing in the colon. Furthermore, in our institution, the 
rate of wound infection encountered in these patients 
is similar to our rate of infection following elective 
colonic surgery. 


Comments 


Based upon the results of this study and upon a num- 
ber of recent well-documented reports we feel that the 
following conclusions can be well supported: 

Diffuse colonic diverticulosis is now the most common 
cause of exsanguinating hemorrhage in the elderly pa- 
tient. During the past three decades there has been a 
dramatic increase in the incidence of patients encoun- 
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tered with hemorrhage from diverticulosis. Twenty to 30 
years ago, the preponderance of literature reports sup- 
ported a relative infrequency of exsanguinating hemor- 
thage from diverticulosis. In fact, a number of authors 
during this period stated that when exsanguinating 
hemorrhage occurred in the presence of diverticulosis, 
another lesion such as carcinoma or an ulcerating polyp 
was probably responsible. However, in a significant re- 
view published in 1953, Quinn and Ochsner indicated 
that during the previous 10-year period at Charity Hos- 
pital 37 of 76 patients (49%) admitted for complications 
of diverticular disease were hospitalized primarily be- 
cause of hemorrhage, and in 23 of these 37 the bleeding 
was judged to be of an exsanguinating nature.” In the 
following year, Rives from the same institution reported 
in a review of 206 cases of massive melena that hemor- 
rhage from diverticular disease of the colon was second 
only to peptic ulcer of the duodenum in frequency.”® 

These early reports were supported by Noer in 1955 
who postulated after studying colon specimens injected 
with liquid latex that the hemorrhage was due to the 
vascularity in the walls of the diverticula. He reasoned 
that arterial bleeding could result from microscopic ul- 
cerations within these diverticula without visible external 
evidence of diverticulitis. In a subsequent report he con- 
cluded that although cancer of the colon and polyps most 
frequently caused anemia or mild to moderate hemor- 
rhage, diverticulosis was responsible for exsanguinating 

or life-endangering hemorrhage in over 70% of patients 
so presenting.!® Similar conclusions were also reached by 
Earley,’ Jensen,” Ross and Eddy,?® Taylor and Epstein® 
and others. 

When viewed from the standpoint, of the etiology of 
exsanguinating colonic hemorrhage in a patient aged 50 
years and older, it has been our personal experience 
during the past few years that well over 85% of these pa- 
tients will be bleeding from extensive ‘diverticulosis of 
the colon. We have rarely seen massive hemorrhage re- 
sult from limited diverticulosis or diverticulitis of the 
sigmoid. Further, there appears to be a direct correla- 
tion between the number of diverticula in the colon and 
the incidence and magnitude of the bleeding, a point 
which has also been noted by others. 

It cannot be inferred that the site of bleeding in the 
colon is from an area where most numerous diverticula 
are present or from areas commonly involved with 
diverticulitis. Although it is difficult to ascertain the site 
of bleeding even after careful examination of the re- 
sected specimen, numerous reports have documented 
that the hemorrhage occurs with equal frequency from 
the right side of the colon as compared to the left side. 
Quinn,” Earley, Klein and Gallagher, McGuire and 
Haynes, Salavate?® and others have indicated that in 
cases in which a source or site of bleeding could be 
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identified, more than half occurred in the ascending or 
proximal transverse colon. Therefore, a limited sigmoid 
resection or even a left hemicolectomy would have 
failed to control the hemorrhage in over half of the 
cases. Brasfield has even recommended an empiric right 
colectomy.* In two of our patients in whom a left hemi- 
colectomy was performed to remove “the greater num- 
ber of diverticula,” both subsequently required comple- 
tion of the colectomy within a few hours after operation 
when they showed evidence of continued hemorrhage in 
the recovery room. | 

It is difficult for the surgeon in the operating room, 
when faced with a critically ill patient in whom the en- 
tire colon is filled with blood, not to associate the bleed- 
ing with thé well known predilection for diverticulitis 
to occur in the sigmoid colon. However, now there is 
overwhelming evidence indicating that there is no ap- 
parent correlation between active diverticulitis and 
hemorrhage. This point can be underscored by the evi- 
dence that in none of 30 patients reported in this series 
could active diverticulitis be identified either grossly or 
by subsequent pathologic examination of the colon. 

Recent efforts to delineate the bleeding point by 
means of selective superior and inferior meseriteric 
arterial angiography give further evidence of the lack 
of correlation between areas commonly involved in 
diverticulitis and the site of the hemorrhage. In a re- 
markable recent series reported by Casarella et al., 12 
of 13 bleeding colonic diverticula were located to the 
right of the splenic flexure as determined by selective 
superior mesenteric angiography. This group now feels 
that selective arteriography is the procedure of choice 
in attempting to identify the bleeding point but caution 
that this method is successful only when performed while 
the patient is actively bleeding. They recommend that 
angiography should not be preceded by barium studies, 
since the residual barium in the diverticula will conceal 
the extravasated contrast medium. 

At most institutions, there is insufficient experience at 
the present time with the use of selective angiography to 
delineate the bleeding point. Moreover, a number of in- 
vestigators have indicated that its diagnostic accuracy 
is not good enough to warrant recommending this time 
consuming procedure in every patient, but particularly 
in poor risk patients who are actively bleeding and in 
whom a quick definitive decision is desperately needed. 
Our own experience with this method of diagnosis in 
two of our patients has been unrewarding but with in- 
creasing experience in the future this valuable diagnostic 
technic will probably gain wider acceptance. 

Rosch and associates have recommended the selective 
intra-arterial infusion of vasoconstrictive drugs in an ef- 
fort to control the hemorrhage, once the bleeding point 
has been identified by selective angiography”? and 


524 


TABLE 5. Surgical Treatment for Diverticular Hemorrhage 
Charity H ospital 1943-1972 








No. Patients Re-bled Deaths 

Limited colectomy or 
ligation bleeding point 23 8 7 (30%) 
Subtotal colectomy 35* 0 4 (11%) 





* Includes 30 pts. present series 


have applied this technic successfully in a few instances. 
However, recurrence of bleeding appears to be high and 
insufficient experience exists with this therapeutic mo- 
dality to recommend its wide spread use at present. 

In the presence of diffuse diverticulosis, emergency 
subtotal colectomy and ileosigmoidostomy is the surgical 
procedure of choice for uncontrolled exsanguinating 
hemorrhage. The overall experience with surgical treat- 
ment for exsanguinating hemorrhage from diverticulosis 
in Charity Hospital for the past three decades is shown 
on Table 5. Quinn reported from this same institution 
in 1961 the previous 18-year experience with 103 pa- 
tients with hemorrhage from the colon.?* In 67 of these 
103 patients (65%) hemorrhage was considered massive 
as evidenced by shock, a hematocrit of 30 or less and 
continued bleeding from the rectum. Of these patients 
25 underwent operation, of which only 20 qualified as 
true emergencies or were done on a urgent basis to 

control recurrent hemorrhage. In this group there were 
four deaths, three occurring in the 15 patients who had 
limited colectomies or ligation of the bleeding point and 
one occurring in the five patients who had total abdomi- 
nal colectomies. It was concluded in this early report 
that prompt resection was the procedure of choice in 
those patients in whom bleeding could not be controlled 
by conservative means. However, no conclusions were 
reached concerning the relative advantages of subtotal 
colectomy over more limited resections. 

Since that report we have encountered eight additional 
patients who had limited conservative procedures, four 
of whom died of complications. Our overall 30-year ex- 
perience therefore indicates that of the 23 patients treated 
by procedures other than subtotal colectomy, eight pa- 
tients rebled and there were seven deaths with an overall 
mortality of 30%. By contrast subtotal colectomy was per- 
formed in 35 patients, 30 of whom are reported in this 
review. There were no instances of rebleeding and only 


TABLE 6. Results of Operations Reported 1957-1972 


No. Recurrences Mortality 
Colostomy or cecostomy 7 1 3 | 
Partial colectomy or ligature 
for visible bleeding 64 32 (50%) 12 (19%) 
Subtotal colectomy 64 0 6 (9.4%) 
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4 deaths, giving a mortality of 11% for the entire subtotal 
colectomy group. 

Similar experiences have been recently reported in 
smaller groups of patients subjected to subtotal colec- 
tomy. Giffin and associates reported on four subtotal co- 
lectomies with no deaths. Klein and Gallagher! and 
Freeark’ also performed subtotal colectomy in six pa- 
tients with no deaths, Olsen had one death in seven pa- 
tients with subtotal colectomy.” All of these authors 
indicated a high incidence of rebleeding and a high 
mortality in patients who had more limited procedures 
performed. 

In a recent 20-year review, McGuire and Haynes con- 
cluded that subtotal colectomy should be the procedure 
of choice’ for they were able to find 34 such procedures 
performed with only three deaths and no recurrence of 
bleeding. | 

In Table 6 are depicted the reported comparative 
results of the various surgical procedures for the treat- 
ment of exsanguinating hemorrhage from diverticulosis. 
We have added our own experiences to the recent lit- 
erature review reported in 1972 by McGuire and Haynes. 
These figures similarly confirm a high recurrence rate 
of bleeding (50%) and a high mortality (19%) for those 
limited procedures involving either partial colectomy or 
ligature of a visible bleeding point. By contrast, of the 
64 patients who underwent subtotal colectomy( includ- 
ing our 30 patients in this report) there were only 6 
deaths with a mortality of 9.4%. When one considers 
that these operations were performed in critically ill, 
elderly patients, all of whom had experienced massive 
blood loss, a 9.4% mortality appears acceptable, particu- 
larly in view of the reported elective mortality rate in 
major abdominal procedures in elderly patients which 
has also been reported by Welch and others to be ap- 
proximately 7-9%.38 

Operative maneuvers to identify the bleeding point 
are usually futile and hazardous. Recent experience does 
not support the recommendations of numerous authors 
for the use of lesser procedures, including operative 
coloscopy to identify the bleeding point; the isolation of 
the various segments of the colon between non-crushing 
clamps in an effort to limit the extent of resection; the 
use of temporary colostomy or cecostomy; or the per- 
formance of multiple colotomies or even “blind,” limited 
resections. Operative colotomies and coloscopies prolong 
the operation and increase the risk of peritoneal con- 
tamination. Kleinfeld and Gump reported their experi- 
ences with operative coloscopy in 311 elective opera- 
tions.!2 Patients in whom coloscopy was used had three 
times as many wound infections and a higher incidence 
of intraperitoneal abscesses and fecal fistulas. It seems 
reasonable to believe that a similar or even higher risk 
of infection and increased morbidity would follow op- 
erative endoscopy in a blood filled, unprepared bowel, 
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a point which has been emphasized by Olsen”? in his 
excellent review and with which we heartily concur. 
Others have commented upon additional problems en- 
countered with such ineffective efforts to locate the 
bleeding point, including increased operative time, con- 
tinued bleeding and prolonged ileus. 

We believe that elderly patients tolerate emergency 
subtotal colectomy well but they do not tolerate infec- 
tion produced by gross fecal soilage introduced by mul- 
tiple colotomies or operative coloscopy. In fact, all four 
deaths in our eight patients who had procedures other 
than subtotal colectomy for the control of hemorrhage 
were due to sepsis. We see no advantage in the anasto- 
mosis of the cecum to the distal sigmoid in an effort to 
control postoperative diarrhea by retaining the ileocecal 
valve, Not only can the inconstancy of the blood supply 
to the cecum lead to problems with the anastomosis, but 
also there is increased risk of fecal contamination in a 
cecum filled with blood and feces. Furthermore, diar- 
rhea does not appear to be a problem as long as the 
distal sigmoid and rectum are retained. 


Summary 


Our 30-year experience in Charity Hospital with surgi- 
cal procedures for the control of exsanguinating hemor- 
rhage in 58 patients is presented. 

Subtotal colectomy as a primary procedure was per- 
formed in 35 patients with four deaths (11%). Thirty of 
these patients have had this procedure performed dur- 
ing the past 5 years with only three deaths in the latter 
group (10%). | 

Procedures which attempted to identify the bleeding 
point or “blind” limited resections were accompanied 
with a high rebleeding rate (33%) and a high mortality 
rate (30%). | 

Considering the advanced age of the patients with 
this disease, the exsanguinating nature of the bleeding 
and the associated diseases, complications encountered 
were few. Sixty per cent of the patients did not experi- 
ence a single complication. Early postoperative diar- 
thea was readily controlled by medication and all pa- 
tients now have regular bowel movements without the 
need fcr medication. 

Subtotal colectomy with ileosigmoidostomy should be 
adopted as the operation of choice for the control of 
exsanguinating hemorrhage from diffuse diverticulosis. 
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“A 


REview of the recent literature has indicated a con- 
siderable controversy concerning the best treatment 
for sigmoid volvulus. A meaningful evaluation of the 
various approaches to sigmoid volvulus requires precise 
understanding of the risks involved for each mode of 
therapy and information about the incidence and se- 
quelae of recurrent episodes of volvulus following non- 
definitive therapy. Some authors have reported recur- 
rence rates greater than 20% and even as high as 90% after 
successful non-operative reduction of a sigmoid volvu- 


~ jus."818.18 Several authors have reported mortality rates 


for a single episode of volvulus to be over 20%, giving 


ample indication of the seriousness of this disease.1:412-15 - 


An attempt to define more clearly the risks involved for 


_ each mode of therapy has been made by an analysis of 
¿an 1-year experience with sigmoid volvulus at Charity 
œ Hospital in New Orleans. 


Clinical Features 


Age and Sex 


The study included 99 patients who had a total of 
143 episodes of sigmoid volvulus treated at Charity Hos- 
pital, New Orleans from 1960 through 1971. There were 
54 males and 45 females and at the time of their first 
episode, their ages ranged from 9 to 90 years with the 
greatest incidence occurring in the eighth decade (Table 
1). The mean age for the first episode of volvulus was 
66 years. Approximately 83% of the patients were over 
50 years.of age and 53% were over 70 years of age 
emphasizing the advanced age of most patients with 
sigmoid volvulus. There were only eight patients under 
40. There were 34 white and 65 black patients in the 
study. 
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Symptoms 


The duration of symptoms prior to admission ranged 
from 3 hours to 46 days and averaged 5.2 days. The 
most frequently reported symptom was crampy abdominal 
pain, which was present in 52.4% of the patients. Other 
complaints reported by patients included nausea, vomit- 
ing, constipation, diarrhea, abdominal swelling, obsti- 
pation, anorexia, weight loss, chronic laxative use, rectal 
bleeding, hematemesis and decreased caliber of stool 
(Table 2). The relatively large variety of symptoms is 
typical for this disease and emphasizes the need for the 


physician to remain alert to this diagnosis. 


The most common initial physical finding was ab- 
dominal distension which was present in 87.4% of the 
patients. Additional findings included abnormal bowel 
sounds, tympany, empty rectum, dehydration, general- 
ized tenderness, localized tenderness, visible peristalsis, 
rebound tenderness, hematochezia, abdominal mass, 
rectal stricture, fecal odor to the breath, fecal impaction, 
and umbilical hernia (Table 3). | 

A past history of psychiatric disease was a prevalent 
feature in patients in this study, being present in 30% of 
the patients. Thirteen patients were inhabitants of a 
nursing home at the time of their illness. Previous ab- 
dominal surgery prior to the first episode of volvulus was 
reported by 21.2% of the patients. 

In. keeping with the advanced age of the patients in 
this study serious associated disease of the cardiovascular, 
renal, and respiratory systems was present in 70.4% of the 
patients. Cardiovascular disease was most common (65% 
of patients) and took the form of abnormal electrocardio- 
gram, chronic congestive heart failure, arteriosclerotic 
cardiovascular disease, peripheral vascular disease, 
cerebrovascular disease, and hypertension. 
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TABLE 1. Sitgmoid Volvulus. Charity Hospital, New Orleans 1960-71 





Clinical Data 





No. patients: 99 No. episodes: 143 

Age Range: 9-90 yrs. Mean: 66 yrs. 
83% 50 yrs 53% 70 yrs. 

M/F Ratio 54/45 

Race distribution: White: 34 Black: 65 





Diagnosis 


A plain film of the abdomen was obtained in 108 cases 
and was diagnostic in 61.5% of all episodes. A barium 
enema X-ray was performed in 75 instances either as an 
emergency or elective procedure. Sigmoid volvulus was 
diagnosed in a third of these studies. Another 38% re- 
vealed a redundant sigmoid colon. Six were interpreted 
as normal and five revealed large bowel obstruction of 
unknown etiology. In seven barium enema X-rays no 
diagnosis was available. In general, the diagnosis was 
not difficult.to make unless signs of peritonitis were pres- 
ent. 

The diagnosis was made at autopsy in two patients 
who received no therapy prior to death. 


Treatment (Table 4) 


Four non-operative measures were employed as the 
initial therapeutic approach to sigmoid volvulus. In 114 
episodes, reduction by proctoscopic examination and 
insertion of a rectal tube was attempted. In 18 episodes, 
a therapeutic barium enema was employed. Saline ene- 
mas were given as therapy in eight episodes, and in five 
episodes, reduction with a rectal tube alone was at- 
tempted. Three spontaneous detorsions of sigmoid vol- 
vulus were observed and in two patients, diagnosed at 
post-mortem examination, no therapy had been instituted 
(Table 5). 

Emergency operations were performed on 25 patients 


TABLE 2. Stgmotd Volvulus at Charity Hospital, New Orleans 


1960-71 
Presenting Symptoms 
Number Per Cent 
Symptoms of patients of total 
Pain 75 52 
Obstipation 53 37 
Vomiting 51 35 
Diarrhea 44 30 
Swelling 43 30 
Constipation 40 27 
Nausea 34 23 
Anorexia 34 23 
Weight loss 20 13 
Chronic laxative use 9 6 
Rectal bleeding 2 1 
Hematemesis 1 1 
Decreased caliber of stools 1 1 
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TABLE 3. Sigmoid Volvulus at Charity Hospital, New Orleans 
l 1960-71 + 





Physical Signs 





Number Per Cent 

Signs of Patients of Total 
Distension 125 87 
Abnormal bowel sounds 109 76 
Tympany 91 63 
Empty rectum 43 30 
Generalized tenderness 41 28 
Dehydration 30 20 
Localized tenderness 23 16 
Visible peristalsis 13 9 
Rebound tenderness 12 8 
Hematochezia 6 4 
Abdominal mass 4 2 
Rectal stricture 2 1 


in the series either with no prior attempt at reduction 
(13 patients), or following one or more unsuccessful at- 
tempts at non-operative reduction (12 patients). The 
types of operative procedures performed ranged from 
simple detorsion to total colectomy and usually de- 
pended in part on the presence or absence of gangrene 
(Table 6). 

Thirty-two patients in this series underwent elective 
sigmoid resection 2 to 30 days following successful non- 
operative reduction of an episode of volvulus. All pa- 
tients who had elective resections had mechanical and 
antibiotic bowel preparation either with neomycin, sul- 
fathalidine, or kanamycin. Resections with primary 
anastomosis were performed in 30 patients. One Mikulicz 
resection and one Hartmann procedure were performed. 


Results and Mortality 


Twenty-eight patients died as a result of their initial 
episode of sigmoid volvulus, to give an overall mortality 
rate of 28.3%. Thirteen of the deaths followed non-opera- 
tive methods of reduction, 13 deaths followed surgical 
procedures and in two patients no therapy had been at- 
tempted (diagnosis made at autopsy). Two thirds of the 
deaths occurred in patients who were over 70 years in 
age. None of the deaths in patients who underwent non- 
operative reduction was the result of gangrene or spon- 
taneous perforation of the colon, although one patient 
died after surgical closure of an iatrogenic perforation. 
Several patients who died after non-operative reduction 
were moribund on admission. 

As an initial treatment of an episode of sigmoid volvu- 


lus, non-operative reduction was successful in 75% of 145 _ 


attempts. This included success in 77% of the procto- 
scopic reductions, 67% of the therapeutic barium enemas, 
75% of the saline enemas and 100% of the five attempts 


at reduction with rectal tube alone. In six patients a. 


second try at non-operative reduction succeeded after 
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the first attempt had failed. These successes support the 
desirability of non-operative reduction as the initial 
therapeutic measure in patients with sigmoid volvulus 
if they have no signs of gangrene or peritonitis. Only one 
perforation occurred as a result of proctoscopic reduction. 

Emergency operations were performed in 25 patients 
both with (60%) and without (40%) the preoperative di- 
agnosis of sigmoid volvulus. Eleven of these patients 


_died: an operative mortality of 44%, Of the 11 patients 
who died following emergency operation, gangrene had 


been present in eight. Other than gangrene, perforation 
and/or peritonitis were found at operation in 28% of the 
patients undergoing emergency operation including the 
one patient who had an iatrogenic perforation. 

Elective sigmoid resection was performed in 17 pa- 
tients who had survived the first episode of volvulus. 
Three of these patients died. An additional 15 patients 
underwent resection after surviving a recurrent episode 
of volvulus. Two of these patients died. The total mor- 
tality rate for elective resection of the sigmoid colon 
in this series of patients was 15.5%. 

Of the 99 patients who presented with their first epi- 
sode cf volvulus, 28 died. An additional 16 survived 
definitive surgery which removed the redundant sig- 
moid. This left 55 patients treated successfully by non- 
operative or non-definitive means who were “at risk” 
for a recurrent episode. During a follow-up period 
averaging 2 years, 30 of these “at risk” patients had at 
least cne recurrent episode of sigmoid volvulus. Thus 
the recurrence rate in the “at risk” group was 55.5%. Five 
deaths occurred in the “at risk” group as the result of 
recurrent sigmoid volvulus. One death occurred after the 
second episode, three deaths followed the third episode, 
and one death resulted from the fourth episode. Two of 
the deaths occurred after elective sigmoid resection. Thus 
the overall mortality for recurrent sigmoid volvulus in 
the “at risk” group was only 9.3% { Table 7). 

It is important to include the entire “at risk” popula- 
tion when considering mortality of recurrent sigmoid 
volvulus. If, as has been advocated by several authori- 
ties, all survivors of the first episode had been subjected 
to elective sigmoid resection, eight or ‘nine patients 
might have died (assuming an operative mortality of 


TABLE 4. Sztgmoid Volvulus at Charity Hospital, New Orleans 
1960-71 


Method of Initial Reduction 


Non-operative reduction 
Emergency operation: 
After unsuccessful non- 
operative attempt 
No non-operative attempt 
No Reduction 


145 attempts 110 successes 


13 patients 

12 patients 

2 patients (diagnosis made at 
autopsy) 
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TABLE 5, Sigmoid Volvulus at Charity Hospital, New Orleans 
1960-71 
Non-Operative Reduction 

No. No. f 

Method Attempts Successful Successful 
Proctoscopy 114 87 77 
Barium Enema 18 12 67 
Saline Enema 8 6 75 
Rectal Tube 5 5 160 
145 110 76 


13 patients died following non-operative reduction 
One patient died following surgical repair of iatrogenic perforation 


15%). The mortality experienced in our institution may 
seem excessive but it is similar to the total experience 
of a combined series of all reports which have given 
mortality figures for elective resection after volvulus. 

Two of our patients who developed recurrent vol- 
vulus had gangrene. Only three patients required 
emergency operations. Apparently the history of a pre- _ 
vious episode of volvulus alerted physician and patient, 
resulting in earlier diagnosis and treatment. The rela- 
tively low risk of death to the entire “at risk” population 
from recurrent volvulus suggests that great selectivity 
should be employed in recommending sigmoid resection 
for those patients who have survived their first episode 
of volvulus. Elective resection should be employed only 
in good risk, young patients without serious associated 
disease. Poor risk or elderly patients with serious associ- 
ated disease are probably best managed by repetitive 
non-operative reduction. 


Discussion 


Since its description in 1836 by von Rokitansky, vol- 
vulus of the sigmoid colon has remained a formidable 
disease fraught with innumerable complications and 
responsible for many deaths. Despite advances in surgi- 
cal treatment, mortality rates have remained distressingly 
high, An evaluation of the various treatment modalities 


TABLE 6. Sigmoid Volvulus at Charity Hospital, New Orlecns 


1960-71 
Emergency Operation 
25 Patients 

No. 

Procedure Patients Gangrene Deaths 
Detorsion 12 4 2 
Mikulicz/Hartmann 

resection il 9 7 
Total colectomy i 1 i 
Resection/Anastomosis i 0 i 

25 14 (56%) 11 (44%) 


Gangrene present in 8 (73%) of deaths 
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TABLE 7. Sigmoid Voluulus at Charity Hospital, New Orleans 
1960-71 
a E A E N 
Risk of Recurrence After Reduction 
Average 2 yr Follow-up 





No. Patients with first episode: 99 
Died after first episode: 28 

Definitive treatment, emergency: 3 

Definitive treatment, elective: 14 

No. patients “At Risk” for recurrence: 55 
One or more recurrence 30 (55%) 
Died following recurrence* 5 ( 9%) 


* Two deaths after elective resection 


for sigmoid volvulus has been hindered in the past by the 
rarity of a series of sufficient size to derive meaningful 
conclusions, a lack of documentation of the risk of re- 
currence and a lack of appreciation of the risks of elec- 
tive colon resection in this group of patients. 

The severity of sigmoid volvulus is enhanced by the 
usually prolonged duration of symptoms prior to pre- 
sentation at the hospital.’* It took an average of 5.2 days 
for the patients in the present study to seek medical 
help. Although the natural history of the disease is one 
of gradual onset, the probable explanation for the delay 
is the high incidence of psychiatric and nursing home 
patients in most series. It is important to note that String 
and DeCosse repcrted a higher mortality rate in those 
patients who were under daily observation for chronic 
physical or psychiatric diseases, indicating that patient 
delay is not the only factor in the prolonged duration of 
symptoms.’® Several patients in the present study were 
admitted to the hospital in a moribund condition as the 
result of undue delay, making any form of therapy al- 
most futile. 

Serious associated diseases of the cardiovascular, 
respiratory, and renal systems has always been a preva- 
lent feature of all series reported both in the United 
States and abroad.1® With 70.4% of the patients in the 
present study so afflicted, the reason for the high initial 
mortality is apparent. The association between psychi- 
atric disease and sigmoid volvulus has been well docu- 
mented. String and De Cosse found psychiatric disease 
evident in 48% of their patients and other series have 
reported incidences as high as 50 to 75 percent.5.11.1 

The treatment of sigmoid volvulus has long been a 
matter of controversy. The high mortality associated with 
an acute episode of volvulus makes the prompt institution 
of effective therapy mandatory. Because of the success 
rate of the various non-operative technics of reduction, 
the advisability of one of these methods as the initial 
approach to the patient is indisputable. Virtually every 
recent report of sigmoid volvulus has confirmed the ef- 
fectiveness and relative safety of proctoscopic reduction 
of acute volvulus as the initial therapeutic approach. 
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First popularized by Bruusgaard in 1947, proctoscopic 
reduction has been demonstrated repeatedly to be a 
highly successful procedure associated with minimal 
mortality.” The success rate in the present series (77%) 
supports the prevalent opinion. The fear of perforation 
appears to have been overemphasized in the earlier 
literature. This complication occurred only once in 118 
proctoscopic reductions. 

Very little mention of the use of barium enemas, sa- 
line enemas, and rectal tubes as methods for decom- 
pression has appeared in the literature.8®18 In the pres- 
ent series, however, these methods were successful (67%, 
75%, and 100% respectively) in reducing sigmoid volvu- 
Jus. Six patients had successful reductions by one of 
these methods following an unsuccessful attempt by 
proctoscopy. 

Obviously, an unsuccessful attempt at non-operative 
therapy must be followed with only minimal delay by 
some type of emergency surgical procedure. Because of 
the variety of surgical procedures performed in our in- 
stitution, no conclusion could be drawn concerning the 
efficacy of one procedure over another (Table 6). How- 
ever, simple detorsion, with or without plication, can- 
not be considered definitive therapy since three of 11 
patients (27.3%) so treated had recurrent episodes of 
volvulus. Shepard!* has reported a recurrence rate of 
41% following laparotomy and fixation and Sutcliffe!" 
reported the recurrence rate to be 89% following opera- 
tive detorsion. 

If an emergency operation is required, a variety of 
operative procedures have been recommended depend- 
ing on the presence or absence of gangrene. Sutclifte 
recommends resection and primary anastomosis if no 
gangrene is present. With gangrene, he has recommended 
the addition of a proximal colostomy if the anastomosis 
appears tenuous. Sutcliffe’s mortality figures for primary 
resection and anastomosis are remarkably good.'* Ponka 
advocated a Mikulicz resection for gangrenous bowel and 
simple detorsion in the absence of gangrene.” Botsford 
advocated either a Mikulicz resection or primary resec- 
tion and anastomosis for gangrenous bowel and simple 
detorsion for non-gangrenous bowel.” In our own institu- 
tion, detorsion in the absence of gangrene and resection 
without anastomosis in the presence of gangrene were 
the most commonly practiced operations. Unfortunately 
most series suffer from inadequate numbers of patients 
and surgeons bias and the present study is no excep- 
tion. i 

Opinions also vary as to the advisability of elective 
sigmoid resection following successful reduction of vol- 
vulus. Most authors have strongly recommended re- 
section as soon as practicable, citing recurrence rates 
greater than 20% as the primary indication. Hines et al.’ 
Griffin et al. and String and DeCosse have reported 
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that mortality rates for a second episode are greater than 
from the first episode. The mortality rate in most series 
for elective resection has been about 15% (15.5% in our 


- patients) .?,5° 


Scott holds the view that generalizations should not be 
made concerning the treatment of sigmoid volvulus.” 
He stresses consideration of the patient’s age and physi- 
cal condition in choosing between curative resection 
and repetitive conservative management. Our observa- 
tions support Scott’s view. Although the recurrence rate 
in this series was 55.5%, the total mortality due to re- 
current volvulus in the entire “at risk” population was 
only 9.3%, In the face of an operative mortality for elec- 
tive sigmoid resection of 15.5%, it would seem advisable 
to limit elective resection to good risk, young patients. 
Age and associated disease clearly affect operative mor- 


~ tality for elective resection. The average age of patients 


surviving operation was 61.6 years as compared to 76 
years for those dying as the result of operation. All of the 
deaths occurred in patients with serious associated dis- 
ease of the cardiovascular system. Thus our data would 
suggest that better selection of patients for elective re- 
section is required to avoid unnecessary deaths following 
an episode of sigmoid volvulus. The mortality for re- 
current episodes in our relatively large series of patients 
was not as high as has been reported in smaller series. 
Once a patient has suffered a recurrent episode of vol- 
vulus, elective resection should be carried out in all but 
very poor risk patients. 

On the basis of our data the following treatment 
scheme is recommended for patients with sigmoid vol- 


vulus: 


First Episode 


If no signs of peritonitis or gangrene are present, 
proctoscopic decompression/detorsion should be at- 
tempted. If successful, elective resection is recom- 
mended for good risk, young patients. No operation is 
recommended for patients with serious associated dis- 
ease. If proctoscopic decompression is unsuccessful or if 
signs of peritonitis are present, emergency operation 
should be performed. If no gangrene is present, opera- 
tive detorsion will give temporary respite. The favor- 
able experience of Sutcliffe with primary resection and 
anastomosis should be noted. 


Recurrent Episode 


Proctoscopic decompression/detorsion should be at- 
tempted if no signs of gangrene or peritonitis are pres- 
ent. If successful, elective resection of the sigmoid colon 
should be performed in all patients except those with 
very severe associated disease. 
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Summary 


1. The cases of 99 patients with 143 episodes of vol- 
vulus treated at Charity Hospital in New Orleans from 
1960-1971, have been reviewed. 

2. Non-operative reduction was successful in 110/145 
attempts. 

_ 8. The mortality associated with the first episode was 
28%. If emergency operation was performed, mortality 
was 44%. Elective sigmoid resection was associated with 
a 15% mortality. 

4, Recurrence following non-definitive reduction was 
50%. Mortality due to recurrence was 9%. 

5. Non-operative reduction is recommended as first 
therapy unless peritonitis is present. 

6. Elective resection after the first episode is recom- 
mended only for good risk/young patients. 

7, Elective resection after recurrent episode is recom- 
mended for all but poor risk patients. 
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Discussion 


Dr. HarweLL Witson (Memphis), discussing Paper No. 3: 
Since we have discussed this same problem on more than one 
occasion before this Association, when I saw the program I called 
one of my good residents, Dr. Bennie Sharpton, and suggested that 
we review the last 90 cases of sigmoid volvulus. As a result of this 
review we are in total agreement with Dr. Nance that the first 
treatment of sigmoid volvulus should be reduction with the sig- 
moidoscope and a rectal tube inserted through the scope where 
this can be safely accomplished. 

We, however, have not been successful in as high a percentage 
of cases as has Dr. Nance. We have been successful in about 
40 per cent of our cases, where his group was successful in 77 
per cent. 

This may be because we have been more gentle with the scope, 
realizing that it is possible to perforate the bowel if there is gan- 
grene which is not recognized. 

On the contrary, we have been much more aggressive in per- 
forming emergency operations, and our rate of mortality has been 
significantly less than was reported this morning-—actually, about 
half as high, I hesitate to quote the an figures, because all 
of us realize, that statistics can be shifted, and we do not know 
that these instances are entirely similar. 

We feel very strongly that patients in whom reduction is suc- 
cessful with the scope, should undergo operation immediately as 
an emergency. It is important at the time of emergency operation, 
if there is no gangrene, that only detorsion be carried out. It is 
exceedingly important, however, at the time of detorsion that a 
rectal tube be introduced by a good assistant below the sheets, 
and that this enormously distended bowel be evacuated of both 
air and fluid. If there is gangrene, we favor the exteriorization re- 
section. . 

We also have a difference of opinion in general with the sub- 
sequent management of patients who have undergone detorsion. 
From our experience, we believe that almost all of these patients 
within about 3 weeks should have elective resection, after ade- 
quate bowel preparation. Our rate of mortality in this group has 
been 4 per cent, whereas I believe Dr. Nance mentioned that the 
risk is approximately 9.5 per cent. 

Conversely, we certainly agree that very poor risk, elderly pa- 
tients should not be subjected to operation. We arrived at this 
method of management because on more than one occasion a 
patient who signed ‘out of the hospital refusing the elective re- 
section returned later with gangrenous bowel resulting from re- 
current volvulus. 

I would like to close by showing, very briefly, three slides. 
[Slide] This shows the very spectacular X-ray findings which all 
who are interested in this problem immediately recognize as a 
Sen volvulus. We refer to this as the bent inner tube sign. 
This is a good term for residents and students, because so many 
of these X-rays actually resemble an bent inner tube that extends 
from the pelvis up beneath the diaphragm. 

[Slide] The next slide shows a typical volvulus of the sigmoid 
that has been exposed but has not been untwisted. Obviously, 
this needs to be decompressed, and it is very important to have 
the large rectal tube passed up from below in order that this 
can be carried out. . 

[Slide] The last slide simply shows the largest volvulus of the 
sigmoid which we have in our collection. 

I would also like to say very briefly that we support entirely 
the thesis as expressed by Dr. Drapanas with reference to the 
emergency management of the bleeding patient, and I think we 
have learned something, as always, from our good friends Bert 
Dunphy. 


Dr. Jonn L. Sawyers (Nashville), discussing Paper No. 1: 
Dr. Dunphy and his co-authors have done a very critical analysis 
of the factors involved in colonic anastomotic leaks developing in 
their patients over a 20-year period. Such candid evaluations pro- 
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vide us with hard data on which to make crucial judgments in 
the management of our patients, and we are all in his debt for 
this careful analysis. 

I would like to comment specifically on two points; first, 
emergency colectomy. Dr. Dunphy’s figures support the concept 
that right hemicolectomy can be done safely in both emergent 
as well as elective situations. Most surgeons are in agreement. 
However, Dr. Dunphy’s statistics clearly indicate that this is not 
the situation with emergency left colectomies, even when infec- 
tion is absent. 

A few members of this society have extolled the virtues of 
primary anastomosis in emergency and nonplanned removal of 
the left colon. One of these is my brother-in-law, Dr. Lynwood 
Herrington, who is strangely silent about this paper so far. 

In all fairness, Dr. Herrington has accomplished emergency 
left colectomies with low morbidity and mortality. Most of us, 
however, when presented with emergent or unplanned left colec- 
tomy prefer to do a Hartman procedure; that is, remove the 
diseased colon, close the distal rectal segment, and perform a 
proximal colostomy, In patients with perforated or leaking diver- 
ticula we do make a strong effort to excise the site of leakage, 
rather than simply drain the area and do a proximal colostomy. 

The second point I would like to make is to emphasize a sim- 
ple, effective method for minimizing anastomotic leaks, Dr. Barton 
McSwain, from Nashville, has advocated the use of a free strip 
of peritoneum obtained from the anterior abdominal wall, wrapped 
around the colonic anastomosis. In his manuscript Dr. Dunphy 
questions the value of this technic. 

We have some unpublished data from the Surgical Research 
Laboratory at Vanderbilt which would support the use of a peri- 
toneal patch. Dr. Richard Dean, surgical resident, has performed 
colonic anastomoses in six pairs of dogs using only a few simple 
catgut sutures to accomplish the anastomosis, depriving the 
anastomotic area of its blood supply to ensure leakage. All control 
animals died of peritonitis from intestinal leak. Five of six dogs 
with a strip of peritoneum wrapped around the anastomosis sur- 
vived, and fae the anastomosis without leakage. 

The simplicity of this method for protecting an anastomosis 
warrants its consideration, particularly in those patients with 
Dunphy’s high risk factors contributing to anastomotic leaks. 


Dr. Witi1aM O. Barnett (Jackson), discussing Paper No. 1: 
We have been interested for several years in the problem of leak- 
ing intestinal anastomoses, especially when contamination existed. 

[Slide] It occurred to us that possibly, since iodine is a strong 
antibacterial agent, iodinized catgut might be of value in per- 
forming the contaminated intestinal anastomosis. We transected 
the unprepared colon, and those who are familiar with canine 
surgery know that the unprepared colon presents a difficult prob- 
em. 


[Slide] We did two series of dogs. In the first group we used | 


chromic catgut on the mucosal layer and catgut on the serosal 
layer. In Group 2 we used the iodized catgut on both layers. 

[Slide] When the incidence of leakage was compared in these 
two sets of animals, there was leakage in 50% where ordinary cat- 
gut was used for the anastomosis, and there was no leakage where 
iodized catgut was used. Pe 

It is possible, then, that this should bear further investigation, 
and that iodized catgut may be of value where contamination 
exists in performing an intestinal anastomosis. 


Dr. ALTON OcusNner (New Orleans), discussing Paper No. 2: 
Thirty or forty years ago we never considered diverticular dis- 
ease as a cause of bleeding from the colon; and then we realized 
that many cases of severe hemorrhage from the colon were diver- 
ticular disease, but we thought it was diverticulitis. 

Dr. Ray and Dr. Heald reported on a study before the Ameri- 
can Proctological Society a year and a half ago. The study was 


based upon 40 admissions of 36 patients in whom bleeding could 


actually be seen coming from a diverticulum and a control group 
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of 40 admission of 37 random patients with symptomatic diver- 
ticulitis. There was overt bleeding in 40 of the diverticulosis group 
and in two of the diverticulitis group; both of the latter proved 
to be from hemorrhoids. In the diverticulosis group, 14 had had 


. recurrert bleeding and four in the diverticulitis group. All 40 of 


the bleeding -group satisfied the criteria for bleeding diverticula 
and none of the diverticulitis group did. 

I thoroughly agree with Ted arid his associates that the way 
to treat massive bleeding from diverticular disease is by total 
colectomy or subtotal colectomy. In Ray and Heald’s series, three 


- of the bleeding group had recurrence of symptoms despite prior 


sigmoidal resection and there were none in the diverticulitis group. 
Of the bleeding group, 11 had resection for uncontrollable hemor- 
rhage and three had resection as an interval operation. Sigmoid 
resection was done in one of the bleeding group and in 27 of the 
diverticulitis group. A hemicolectomy was done in eight of the 
bleeding group and a total colectomy in five. There was one death 
in the kleeding group, but none in the diverticulitis group. Two 
in the bleeding group bled following resection. Both of these 
had hemicolectomies, indicating that total colectomy is usually 
preferable. l 

One thing about which I disagree with Ted is his type of 
anastomosis. Although Joel Baker has advised it, we feel that 
the best way to perform the anastomosis is an ileoproctostomy, 
because by doing an end-to-end anastomosis this avoids the blind 
loop, hicks although it is small, can at times give trouble. 

Although there is a disproportion between the lumen size of the 
ileum ard the colon, this can be easily compensated for by making 
a small incision on the antimesenteric border of the ileum and by 
making a careful open anastomosis. Dr. Ray’s technic of bowel 
preparation is, when the patient is asleep, to introduce into the 
rectum two large-bore tubes, and after cross-clamping the lower 
end of the colon, he flushes out the distal segment of the colon 
with voluminous quantities of saline, Then he is able to do an open 
anastomosis with a perfectly clean bowel, using either fine catgut 
or fine cotton on the mucosa and interrupted cotton on the sera- 
muscularis. In this way one gets ari excellent end-to-end anasto- 
mosis with no blind loop. 


Dr. Rupoir J. Norr (Tampa), discussing Paper No. 2: I could 
not agree more with Dr. Drapanas about the treatment of diver- 
ticular disease. | 

[Slide] About 18 years ago we presented this work from the 
University of Louisville Department of Surgery, ‘demonstrating 
the diverticular vessels which are the source of this massive hemor- 
rhage. 

[Slide; Looking at these vessels, it is difficult to understand the 
reluctance of so many members of the profession to accept the 
fact that these diverticular vessels do indeed bleed just as pro- 
fusely as vessels of the same size anywhere else in the body. 

[Slide] Some time later, our pathologist helped by showing this 
diverticulum, so to speak, caught in the act of bleeding. In the 
center of the slide a fresh thrombus is seen, surrounded by the 


. -margins of the eroded diverticular vessel. 


Many technics have been proposed to ‘locate the source of 
hemorrhage. Selective angiography is undoubtedly the most ef- 
fective of these technics. Experience with its use has demonstrated 
a much higher incidence of right-sided diverticular hemorrhage 
than most of us had previously believed to be the case. 

Furthermore, multiple sources of simultaneous hemorrhage have 
been demonstrated by this and other technics. McGuire and 
Haynes: presented an excellent demonstration of this before this 
Association last year. Of pararnount importance, therefore, is the 
fact that control of ariy particular bleeding point in the colon gives 
no assurance that other diverticula may not bleed then or sub- 
sequently. Hence, the safest procedure must be the removal of 
the entirs diverticulum-bearing colon, as recommended by Dr. 
Drapanas and associates. | . 

Since the inflammatory response in these instances is minimal, 
subtotal removal of the colon extends the operative procedure 
but little, and the stress to the patient is hardly more than the 
less extensive resections which have been proposed by many. 
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Dr. Drapanas and associates have given convincing evidence 
that such treatment, promptly carried out, will be accompanied by 
a lower over-all mortality and morbidity than any of the many 
other procedures which have been proposed. There can no longer 
be any doubt that diverticular hemorrhage is indeed life-tkreat- 
ing and that its control is best accomplished by expeditions sub- 
total colonic resection, with ileoproctostomy, as recommended by 
Dr. Drapanas and associates. 


Dr. Ciauve E, Wercu (Boston), discussing Paper No. 2: My 
main comment would be that Dr. Drapanas’ paper is so convinc- 
ing that all instances of hemorrhage from diverticular disease are 
now about to be treated by subtotal colectomy. 

Dr. Draparias asked me to bring our data to show this morn- 
ing. Perhaps I can mention two or three points that come out 
from it. . 

[Slide] Dr. Behringer, one of my associates, has collected. data 
from the last 4 years in the MGH. Approximately 100 patients 
entered our emergency ward with gross hemorrliage from diver- 
ticular disease. Only 17 of the entire group had to undergo op- 
erative procedures. 

If one hangs on quite a while with these patients, in many 
instances an emergency operation can be avoided. | 

[Slide] Six patients had subtotal colectomies; one died. 

I would agree that we do not add to the mortality a great deal 
by performing a subtotal colectomy, but it is a longer operation, 
requires a little more blood, and introduces some of those factors 
about which Dr. Dunphy spoke, indicating it to be a more serious 
operation... 

Hesitating to take sides on the Ochsner-Drapanas controversy, 
on which I do not pose as a great authority, in a couple of our 
very sevete complications the end-to-end anastomosis was used, 
where it was attempted to put a small ileum into a large rectum. 
I believe that the side-to-end, in the long run is going to turn 
out to be the better. | 

Selective arteriography has been a great help in our hands. 
Here, for example, is a bleeding vessel shown in the right side of 
the colon, rather than the left, where we expected; [slide] and 
here one in the proximal transverse proved the following day 
[slidé] to be associated with diverticula in the same area. 

To the present time, in approximately 75% of the patients, se- 
lective arteriography has demonstrated the site of bleeding. 
Séven have bled from the colon; five have been bleeding from 
the right colon rather than the left; and four of these patients, 
stopped temporarily. by selective arteriography, have bled again 
and have required operation. 


Dr. Warp O. GrirFen, JR. (Lexington), discussing Paper No. 
2: I would like to commend Dr, Drapanas and his associates on 
an excellent presentation and a good description of their method 
of managing a very difficult problem. . 

I would agrée that in the absence of accurate localization of 
the bleeding site in a patient with diverticular disease, subtotal 
colectomy with iléoproctostomy is the procedure of choice. Also, 
in the exsanguinating hemorrhage, procrastination has no place. 
If I may ask a question, I would like to know what is the defini- 
tion of “exsanguinating hemorrhage.” What is the rate of bleed- 
ing? How many cc’s of blood per unit time, rather than just how 
many cc’s of blood? | | | 

However, imost patients admitted with rectal bleeding are 
not exsanguinating, and procrastination should not be confused 
with logistical inefliciency. There is a proper sequence of managing 
these patients, which consists of proctoscopy, selective angiography, 
at least superior and inferior mesenteric slicer att and barium 
enema X-ray. In our hands this scheme has identified the bleeding 
site in 90% of the patients on whom it has been used. We have 
only used it in ten patients, but the combination of angiography 
and barium enema X-ray has controlled the hemorrhage in the 
majority of these so the patient may be prepared for an urgent 
operation. 

Moreover, as selective angiography is combined with vaso- 
pressor hemostasis, it may be oobi to eliminate urgent or emer- 
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gent operation entirely, which would lead, perhaps, to an improved 
mortality rate. : 

Again, I would agree that procrastination should be con- 
demned. Such delay in performing the necessary radiologic or 
surgical maneùvers, and procrastination in the face of continuing 
hemorrhage, either before or after identification of the bleeding 
site, is not warranted. These difficult cases should move all of 
us to develop an appropriate management plan, and to put to- 
gether the necessary team to carry out the steps in that plan. 


Dr. Ham C. Pot, Jr. (Louisville), discussing Papers 1 and 2: 
Dr. Dunphy’s point concerning the effect of anemia is one that 
has been hard to prove for a long period of time, but it is a very 
important one. When John Spratt, Harvey Butcher and I, about 
ten years ago, observed the mortality rates for a long period of 
time at two midwestern medical centers, the Mavo Clinic and the 
Barnes Hospital,: we found that the single most important de- 
terminant of reduced operative mortality in both those institutions 
was not improved surgical technic, oral antibiotics, or systemic 
antibiotics, but the introduction of blood bank facilities. This con- 
firms in an indirect way what Dr. Dunphy has shown so nicely. 

Our experience telated to Dr. Drapanas’ report has been of 
smaller extent. We have had occasion to’ perform subtotal colec- 
‘tomy on 16 people who had massive bleeding from the colon, 
and, indeed, our experience is similar, in that in all patients the 
bleeding was controlled, and there were only two deaths after 
operation. . 

A later experience is the only caution that we provide for these 
patients. The patients have responded well in the early period 
of the postoperative course. However, the patients we have treated 
are very elderly: Three of the people, 4 to 6 weeks after operation, 
encountered much difficulty adapting to the subtotal pat 
causing unrelenting diarrhea at home which required a brief re- 
hospitalization and management. This is the slightest note of 
caution for an otherwise excellent technic. 


Dr. Hunrer H. McGume, Js. (Richmond), discussing Paper 
No. 2: Dr. Drapanas and his associates have made a very im- 
portant contribution to the management of a rapidly growing 
aaa Their results are especially gratifying to me because 
ast year Dr. B. W. Haynes, Jr. and I presented the same recom- 
mendations, but based on much less evidence. Dr. Drapanas has 
given us abundant evidence and clear proof that when operation 
is necessary for bleeding diverticulosis, all diverticula-bearing colon 
should be removed. . l 

In the past year in Richmond our service has seen a fivefold 
increase in the admissions for diverticular hemorrhage. We have 
operated on nine patients. The procedure which we use is dif- 
ferent from Dr. Drapanas’ in that we resect less mesentery which 
saves a lot of time. It is not a longer operation than a segmental 
resection. Our residents can perform it in less than 2 hours from 
skin to skin. . . 

We resect more sigmoid colon, perform an end-to-end anasto- 
mosis to the rectum, and call our operation a total abdominal 
colectomy. I do not believe the differences are really important. 
We have had no anastomotic breakdowns. We have seen no more 
diarrhea than Dr. Drapanas, and none of our last nine patients 
has died. 7 

In the management of diverticular hemorrhage, the greatest 
unsettled questions are when selective mesenteric angiography is 
needed, and whether colonic vessels should be perfused with 
vascoconstrictor drugs. My own feeling is that in the majority 
of patients in whom bleeding stops spontaneously, the diagnosis 
can be confirmed simply by clear nasogastric drainage, diverticula 
on barium enema. X-ray. and normal upper GI series. If the 
bleeding persists after 2000 cc. transfusion on the first day, or 
1000 cc. transfusion on’any subsequent day, and if angiographic 
facilities are readily available, then angiography may be of value 
to rule out bleeding lesions of the small bowel: I do not think it 
is of value to tell us what part of the colon is bleeding, because 
the entire colon must be removed. 

On the other hand, in an elderly patient with clear nasogastric 
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drainage and profuse red bleeding from the rectum, the possi- 
bility of a bleeding small bowel is so unlikely that I feel it is ac- 
ceptable practice to omit angiography, do a barium enema X-ray, 
and operate upon the patient. | 

Vasoconstrictor infusion, to me, holds very little promise. It 
is hard to believe that it could give any better result than a 
segmental resection of the colon, which Dr. Drapanas has ‘clearly 
shown to be an inadequate procedure. The proof he has given us 
is a very valuable and timely contribution. 


Dr. F. M. Stmmons Patterson (Durham), discussing Paper 
No. 3: I wish to make a few comments concerning Dr. Nance’s 
presentation on sigmoid volvulus, 

Dr. Harwell Wilson, who spoke previously this morning, was 
kind enough to discuss my paper as an initiate in this organiza- 
tion 5 years ago, in which I presented an operative procedure 
for a recurrent sigmoid volvulus in a poor risk patient. I thought 
it would be of interest to this group to know the course of this 
pe since that time. When I performed the operation, to my 

owledge it had not previously been reported in the literature. 

The patient was a very poor risk. He was markedly obese, 
diabetic and hypertensive. There was a history of coronary artery 
disease and a history of cardiac decompensation. The patient 
had undergone a nephrectomy. In summary, he was a very poor 
risk for any operative procedure. When I was called to see him 
in consultation, he had been on the medical service for 48 hours. 
The physical examination, history and X-ray examination were 
unquestionably indicative of sigmoid volvulus. 

An attempt at nonoperative reduction by sigmoidoscopy was 
unsuccessful. I felt that operation was mandatory, and this was 
done. The preoperative diagnosis of sigmoid volvulus was con- 
firmed. Fortunately, the involved sigmoid loop was viable. De- 
torsion was performed without difficulty. Decompression with 
a rubber tube was done by an assistant from below. 

I agree with Dr. Nance that if detorsion is done, in. many 

cases it is wise to do no further surgical procedure, even though 
the volvulus may recur. i . 
_ However, mainly because of the physical status of this patient, 
I wanted to avoid any future operation, if possible. Therefore, 
I had a difficult decision to make, é.g., whether to simply close 
the abdomen after reduction of the volvulus and possibly have 
a recurrence in the future, or to perform a definitive procedure 
to prevent future recurrence. 

My decision was to plicate the redundant loop of sigmoid and 
to do a sigmoidopexy. This procedure was performed. The post- 
operative course was uneventful. He. was then followed closely 
to the time of his death in 1972 as a:result of an acute coronary 
occlusion. During this 5-year period there was no recurrence of 
the volvulus. Barium enema X-rays taken during this period 
showed the plication and sigmoidopexy to be intact. 

Another member of this Association, on the basis of my earlier 
report, did a similar procedure on a poor risk patient with sigmoid 
volvulus. To my knowledge, the patient has not had a récurrence 
in a period of 3 years. | = 

I want to emphasize that I agree wholeheartedly ‘with Dr. 
Nance’s approach in the management of sigmoid volvulus. How- 
ever, that occasions arise when we have to diverge from the 
accepted treatment in the usual case of sigmoid volvulus, I want 
to make that very clear. In other words, if you have a very poor 
tisk patient with sigmoid volvulus that cannot be reduced by 
nonoperative means, when at operation the bowel is found to 
be viable, when detorsion can be performed, and when you 
deem it unwise for the patient to have future operation, then 
plication and sigmoidopexy should be considered. It is a non- 
traumatic procedure, can be performed expeditiously, and in my 
opinion, should be a part of the repertoire of every surgeon. 


Dr. WALTER B. Kine, Jn. (Waco), discussing Paper No. 3: 
[Slide] This is a Texas slide. This 95-year-old: man had a 
reduction of a volvulus by sigmoidoscopic manipulation five times 
over a period of 3 years. This was a very poor risk patient, and 
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we felt we had no other choice. The reduction became more 
simple after each recurrence. 

[Slide] The point I want to emphasize is that after reduction 
a large redundant sigmoid is still present. You can see this long 
colonic tube threaded into the redundant loop. This should be 
left in place until the patient has adequate bowel movements 
following oral laxatives. 

Another practical point is that suction should always be at- 
tached to the reducing instrument. 


Dr. JULIAN K. QUATTLEBAUM, Jr. (Savannah), discussing Paper 
No. 2: I agree thoroughly with the concept Dr, Drapanas has 
expressed. 

I would like to suggest that the concept not be confined to 
diverticular disease, but, rather, any patient who has massive, 
life-threatening colonic hemorrhage. We have used this idea in 
the 15 years that I have been in private practice, and I have 
taught it to my residents. It was brought to mind initially by the 
fact that, in my residency, I saw one patient bleed to death 
from a simple ulcer of the hepatic flexure of the colon, who 
failed to undergo operation simply because the definitive diag- 
nosis cculd not be made, There were other patients in whom 
the opportunity for cure in diverticular disease was lost by virtue 
of the fact that there was so much procrastination, not before 
operation, but even at the table. 

My personal experience concerns five patients, and the results 
have been similar to Dr. Drapanas’. We have had no mortality, 
and they have not rebled. It is interesting that in one patient 
no lesion could be demonstrated preoperatively, and after total 


‘colectomy with anastomosis of the ileum to the rectum no lesion 


could be demonstrated in the colon. This patient was a elderly 
woman who had bled into shock and profound anemia several 
times in the hospital, and she has not bled since. 

Our philosophy, then, has been, in patients with life-threatening 
hemorrhage from the colon, determine first through protos- 
copy what is not bleeding; and then, if you cannot demonstrate a 
site of bleeding, sacrifice all but that which you know is not 
bleeding. 


Dr. J. Harnotp Conn (Jackson), discussing Paper No. 1: I 
wish to ask Dr. Dunphy if he has had any experience with the 
single layer colonic anastomosis. 

There is a wide divergence of opinion in the literature as to 
the safety of this procedure. The advocates, of course, feel that 
leakage is less likely to occur because of the increased intra- 
luminal diameter at the site of the anastomosis and the better 
blood supply. I hope that Dr. Dunphy can enlighten us on this 
question. 


Dr, Huc C. Incenrrirz (Shreveport), discussing Paper No. 3: 
I should like to compliment Dr. Nance and Dr. Arnold on their 
interesting and useful paper. 

I checked through our records at the Confederate Memorial 
Medical Center in Shreveport, Louisiana—also a state hospital, 
similar to Charity Hospital in New Orleans, but much smaller— 
and our experience is very similar. All of the operations in our 
cases were done by the resident surgical staff. 

During the past 12 years we have treated 26 patients with 
volvulus of the colon. Of these, there were 16 instances of vol- 
vulus of the sigmoid, two of the splenic flexure, and seven of 
the cecum. The two patients with splenic flexture torsion re- 
covered; five of the seven with ee volvulus recovered, one 
being moribund on admission and one dying of cardiac arrest 


after operation. All were treated by resection. In our 16 patients 


with sigmoid volvulus, proctoscopy was done in 12, and was 
successful in relieving the obstruction in ten (80%). A long, 
soft rubber tube was passed through the scope and allowed to 
remain for several days before removal. 

Proctoscopy was not successful in two. One was a 97-year-old 
man who died during the procedure, and the other was treated 
by emergency operation. 

Of the ten successful instances, operation was necessary later 
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for recurrence in eight, or 80%. One of the other two died of 
gangrene the day following aati relief, which is a risk 
that must be remembered in all cases relieved by proctoscopy. 

Of the eight who were operated upon for recurrences, the 
only one of the eight who died was in irreversible heart failure. 
He had undergone proctoscopy several times over a 2-week 
period, and each time the long rectal tube was removed, the 
volvulus recurred within several hours. 

In eight of the successful cases, operation was necessary for 
recurrence, with one unavoidable cardiac death and seven re- 
coveries. Because of these results, although the series is small, 
we agree that proctoscopic reduction of sigmoid volvulus should 
be tried, if possible, but that elective sigmoid resection after 
recovery and after the usual preoperative preparation appears 
to be te best course to follow if the patient can withstand the 
operation, 

I should like also to compliment Dr. Drapanas on his superb 
presentation. I should like to ask one question, and that is, if 
the cecum contains no diverticular, would he think it worth- 
while to save the cap of the cecum to anastomose to the recto- 
sigmoid stump, in order to preserve the ileocecal valve? 


PROFESSOR J. Pair SANDBLOM (Lausanne, Switzerland), dis- 
cussing Paper No. 1: I want to extend my great gratitude for 
one of the greatest honors I have had in my surgical career, that 
of becoming your honorary member, and to express great pleasure 
to be with you at this meeting. 

The first papers show what a wonderful meeting we are going 
to have. 

I would like to congratulate Dr. Dunphy and his associates 
on the very low incidence of anastomotic leaks in their colonic 
surgery, which I think is due very much to their continued 
efforts and great interest in the healing process, especially in 
regard to the great importance of maintaining a good circulation, 
both locally and systemically. 

It seems that the incidence of anastomotic leaks increases the 
further down you get into the gastrointestinal tract. For some 
time we were interested in looking at the high anastomosis, so 
we did contrast studies on the fitth day following anastomosis 
of the esophagus to the stomach and to the jejunum, and were 
horrified to find that over 10% had small leaks at that time; but 
we were satisfied to see them healing without any clinical signs. 

So I would like to suggest that the anastomotic leaks accur 
with the same frequency the whole way down the gastrointestinal 
tract, but that the contamination in the lower part makes those 
come to light in a greater percentage. 


Dr. Georce D. Lery (Miami Beach), discussing Paper No. 1: 
Dr. Dunphy casually mentioned steroids in the closing of his 
paper. My most unfortunate experiences with colonic anastomoses 
have been in patients with chronic asthma and rheumatism who 
have been on steroids for many years. These people have re- 
gained peristalsis of the bowel movement, and then totally dis- 
rupted their anastomosis; and at autopsy the pathologist could 
demonstrate no healing mechanism in the tissues. 

I become so concerned about this that when one of these 
people come to me, I defunctionalize their colon proximately 
before I attempt this procedure. I would like to know what ex- 
perience Dr. Dunphy has had with this problem. 


Dr. THeopore R. Scurock (Closing discussion of Paper No. 1): 
I wish to thank the discussors for their comments. 

Dr. Sawyer, we have little experience with the use of free peri- 
toneal i to protect low anterior anastomoses, but I question 
whether a devascularized patch of peritoneum retains the ability 
dispose of bacterial contamination in the same way that irtact 
peritoneum does. A pedicle of greater omentum might be a better 
patching material for protecting extraperitoneal anastomoses. 

We found no difference in the rates of leakage between single- 
layer and two-layer anastomoses, Dr. Conn, but the relative merits 
of these technics cannot be assessed in a retrospective study. All] 
of our anastomoses were inverting rather than everting. 
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In response to Dr. Barnett’s comments, we have no experience 
with iodized catgut. The lower incidence of disruption Dr. Barnett 
reports might be due to the antibacterial action of iodized catgut, 
but it could also relate to other properties of the suture material 
or indeed to other variables in your study. 

We did not find a statistically greater rate of disruptiton in 
patients taking steroids, but this finding may be due in part to 
varying dosages and routes of administration. Dr. Thomas K. 
Hunt and Dr. Paul Ehrlich have shown that cutaneous wound 
healing in animals is retarded by glucocorticoids, and we suspect 
that the same effect occurs in patients. A prospective, sontiolled 
study is needed to settle this question. 

Much more than deficient red cell mass is implied in the term 
“anemia” as defined in our study. Trueblood, Nelson and Ober- 
helman [Arch. Surg., 99:113; 1969] have shown experimentally 
that disruption of colonic anastomoses is not increased in rats 
made acutely or chronically anemic if intravascular volume is 
preserved. 

Dr. Sandblom suggests that the absolute incidence of disrup- 
tion of small and ead bowel anastomses is similar but that minor 
leakage from the colon is clinically apparent more often because 
of the bacterial flora normally present in the colon. Absolute rates 
of dehiscence can be determined only in a prospective study, 
because as Goligher, et al. have stated the incidence of disrup- 
tion is dependent upon the diligence of the search for this compli- 
cation. The anastomotic leaks we report were all clinically signifi- 
cant, and we can offer no data to ie e or refute Dr. Sand- 
blom’s intriguing suggestion. 


Dr. Tutopore Drapanas (Closing discussion of Paper No. 
2): I would like to thank the discussants for their very fine com- 
ments. 

As I have been sitting here listening to the discussion, I have 
been adding up the additional cases reported by each of the 
discussants, and it now appears, Mr. President, that the collated 
score for subtotal colectomy is 98 cases with a 9% mortality, 
which we think is certainly acceptable. 

I would like to make some additional comments about angi- 
ography. We did not have time in our presentation to give all 
the details which are described in the manuscript. As mentioned, 
Casarella and associates recently [N. Engl. J. Med., 286:450, 
1972] were able to demonstrate in 13 patients who were studied 
by angiography that in 12 the bleeding point was not located in 
the sigmoid colon but in other diverticular bearing areas in the 
transverse colon and right colon. This is an interesting phenome- 
non, and further supports our contention that subtotal colectomy 
rather than limited sigmoid colectomy be performed. 

A word of caution if one is going to use angiography. It should 
be performed before the barium enema, not afte because the 
barium will obscure the bleeding point. 

We have had only limited experience with this technic. Our 
results have not been so good, but we do not really think that 
we can comment further. Furthermore, in the series reported 
recently by Rosch and associates, in those instances where the 
infusion of Pitressin or epinephrine into the bleeding vessel did 
control the hemorrhage, recurrence of bleeding promptly occurred 
in a high percentage. I think further time and further cases are 
needed before one can draw any conclusions. 

Dr. Noer, we thoroughly agree that there is little, if any, as- 
sociation with diverticulitis and hemorrhage, and that a patient 
is just as apt to bleed from a single otherwise asymptomatic 
diverticulum in his cecum as he is from 500 diverticula in the 
sigmoid, as you so nicely showed a number of years ago at this 
Association. 


Dr. Polk brought Es the problem of postoperative diarrhea. 


Of course, in the elderly patient greater attention should be paid 
to the postoperative care. We routinely use codeine and/or 
diphenoxylate hydrochloride in managing these patients im- 
mediately postoperatively, but we have been impressed by the 
real low incidence of diarrliea at the time of discharge. In 
fact, only one patient required medication after discharge from 
the hospital. 


ARNOLD AND NANCE 


Ann. Surg. « May 1973 


I believe that the fear of disabling diarrhea has been one of 
the reasons why surgeons have resisted so long in doing a sub- 
total colectomy. Clearly this is not a problem. However, I would 
emphasize that we are leaving about 20 to 25 cm, of colon and’ 
rectum and this amount appears adequate to maintain a formed 
or semiformed stool, with no diarrhea. 

Dr. Griffen, in answer to your question about the criteria for 
massive hemorrhage utilized in our series, I can say that they 
are no different than those elaborated a number of years ago by 
Stanley Hoerr and Bert Dunphy for the management of patients 
with upper gastrointestinal bleeding. After replacement of the 
initial blood loss following admission, we use the criterion that 
if a patient requires one unit of blood every 8 hours to maintain 
the hematocrit and blood volume he is a massive bleeder. 

Dr. Welch is entirely correct in stating that the majority of 
patients who come in with bleeding diverticulosis do not need 
emergency subtotal colectomy. Indeed, the patients presented 
herein really represent a distillation of a much larger series of 
patients who came in bleeding and promptly stopped, or who 
simply had one or two units of blood loss and did not qualify as 
massive bleeders. Most of this group received no surgical treat- 
ment at all or had an elective procedure at a later date. 

The operative series, therefore, really reflects‘ medical failures 
after protracted therapy; in some instance, too protracted, par- 
ticularly after the use of 15,000 ml. of blood. The average use, 
as was shown, was five or six units of blood in these patients, 
and we did not feel that at the present time we should pro- 
crastinate any further. 

Dr. McGuire, we are certainly indebted to you for recommend- 
ing subtotal colectomy at last year’s meeting of this Association. 
We certainly think that the large number of cases now available 
to support this recommendation certainly justified your predic- 
tion, and we are happy that you gave us the benefit of your ex- 
perience, 

Dr. Quattlebaum, we could not agree with you more. We be- 
lieve that the patient with known diverticulosis of the colon in 
whom upper gastrointestinal bleeding can be ruled out by means 
of a nasogastric tube and the absence of ulcer history, who is 
presenting with exsanguinating hemorrhage from the rectum and 
who upon laparotomy has no demonstrable lesions in the re- 
mainder of the gastrointestinal tract should have a subtotal co- 
lectomy. As a matter of fact, we think that this takes less time . 
and is safer than a limited resection, if one adds the multiple 


procedures, the colotomies, the noncrushing clamps, that have ~¥ 


been advocated in the past. 

One of our patients, reported by Dr. Quinn some years ago, 
indeed had a transverse a pee in an effort to delineate which 
side of the colon the bleeding was coming from. He bled in the 
recovery room from the left side of the stoma; so a left colectomy 
was promptly performed. That evening in the recovery room 
sae he bled from the right colon, so the colectomy was com- 
pleted. I submit to you that these staged procedures do not 
necessarily cut down the operative time. They certainly add to > 
the operative trauma. a 

Dr. Ilgentriz, your point about the cecum is well taken. In our 
manuscript we did comment that we do not feel that the cecum 
should be preserved under the usual circumstances, First, there 
is a high incidence of diverticula present in the cecum which 
you may not be able to see. Secondly, we believe that the in- 
constancy of the blood soppy to the cecum makes the anastomo- 
sis more hazardous. And t 
ment upon Dr. Dunphy’s fine eT think that a subtotal 
colectomy is really an extended right colectomy; the important 
point being that we are anastomosing small bowel, with an ex- 
cellent blood supply, to the colon. In our opinion this is a safer 
anastomosis with low incidence of anastomotic breakdown, par- 
ticularly in an unprepared colon. l 

Finally, we are all indebted to Dr. Ochsner, for he was one 
of the early authors to comment upon the high incidence of bleed- 
ing from diverticulosis, based on his review of cases at Charity 
Hospital in the early 1950s, along with Dr. Quinn. Based on 
this information and our current information, we certainly now 


ird—and, perhaps, if I might com- 
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can confirm that diverticulosis is the most common cause of 
hemorrhage from the colon. 

I cannot answer your question, Dr. Ochsner, about whether the 
end-to-end or side-to-end anastomosis is better. The main reason 
we prefer this technic as advocated by A Baker a number 
of years ago is that it is easier to perform side-to-end ileosigmoid- 
ostomy when there is a discrepancy in lumen size. It also appears 
to sit better in the pelvis. Whether or not we are making love 
in a hammock can not be answered, but it is certainly more fun 
particularly if the residents also prefer this technic. 


Dr. Francis C. Nance (Closing discussion of Paper No. 3): 
I, too, would like to thank all the discussants. 


VOLVULUS OF THE SIGMOID COLON 


537 


I must comment that if Dr. Wilson puts one of his good as- 
sistants under the sheets to pass that rectal tube, I hope he is 
disposable, or at least washable, because these lesions, as you 
know, are fairly well filled. 

We would just like to leave you with the thought that it is 
fairly clear that proctoscopy or some nonoperative method of 
reduction is fairly well established now, and the question we were 
trying to answer in our study was: What do you do after you 
get the patient reduced? I think the key here is individualiza- 
tion. I think the good risk patient certainly does need to be re- 
sected, I think, on the basis of our own data, that we would pre- 
fer not to do elective resections in patients who were poor risks. 
We think that their risk of mortality is less if they are treated by 
repetitive, nonoperative reduction. 


Erratum 


In Serious Sequelae of General Anesthesia, Benjamin F. Byrd, Jr., Rollin A. Daniel, Jr., 
Pramod Vasudeo, Ann. Surg., 175: page 683, in the discussion of Dr. Byrd’s paper, a definitive 
qualification was omitted during the edification of Dr. Drye’s remarks: “I am not only a 
surgeon; I am a certified anesthetist. (I made this partly facetious remark to lend some va- 
lidity to my statements regarding anesthesiology.) I was certified by General Mark Clark 
when I got orders from the 5th Army transferring me from being a battalion surgeon to an 


anesthetist in the’ 2nd Auxiliary group.” 


In the second paragraph, reference to Dr. Henry Beecher, should read: “Dr. Beecher 
was consultant for anesthesia in Africa and Italy. He was very strongly opposed to the use, 
and still is, of using a number of drugs which is called balanced anesthesia; I personally 
heard him say many times that all they were doing were balancing a bunch of toxins.” 


Pancreatic Ascites: 


Diagnosis and Management with Particular Reference to Surgical Technics 


ROBERT B. SMITH, Ill, M.D., W. DEAN WARREN, M.D. 
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scITES due to non-malignant pancreatic’ disease is 
A being recognized with increasing frequency. Since 
its first descriptions approximately 20 years ago, 62 
cases have been reported in the English literature, over 
one-half of these in the last 5 years.®.1033 The importance 
of a clear differential diagnosis from other causes of 
ascites is noteworthy, as operative therapy for pancreatic 
ascites is specific and often curative. The presumptive 
diagnosis is formulated from the history in the absence 
of cirrhosis, cancer or peritoneal tuberculosis; confirma- 
tion is easily obtained by the demonstration of an in- 
creased protein content and high amylase level in the 
ascitic fluid. 

Seven cases of pancreatic ascites have been diagnosed 
in the affiliated hospitals of the Emory University School 
of Medicine during a recent 18-month period of time. 
An analysis of these cases, together with a review of the 
literature, affords a perspective on the proper surgical 
management of this condition. 


Case Reports 


Case 1 (R. M.). A 50-year-old man was admitted to the 
Atlanta Veterans Administration Hospital on November 16, 1970, 
complaining of weight loss and diarrhea. He had been in his usual 
state of good health until approximately 6 weeks prior to admis- 
sion, at which time he noted the onset of progressive, painless 
abdominal swelling, associated with four to six watery, mucoid 
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stools per day. A 20-pound weight loss occurred during that 
interval, together with the onset of pedal edema. The patient 
admitted to many years of alcohol consumption, but he had no 
previous history suggestive of pancreatitis. On admission, he was 
chronically ill-appearing with wasted extremities and pitting edema 
of the lower legs. His abdomen was markedly distended with a 
definite fluid wave; no abdominal tenderness was noted, and there 
were no palpable masses. Laboratory survey included total bili- 
rubin 0.3 mg./100 ml., alkaline phosphatase 9.2 King-Armstrong 
units, total protein 6.3 Gm./100 ml. (albumin 2.7 Gm./100 ml.), 
prothrombin time normal and serum amylase 746 units. Examina- 
tions of the stool were negative for parasites, and stool cultures 
failed to show pathogenic organisms. Repeat serum amylase values 
ranged from 1044 units to 1854 units. A paracentesis produced 


tan, clear peritoneal fluid with an amylase value of 951 units and 


a protein of 3.6 Gm./100 ml. Cytology on this fluid was negative. 
Upper GI X-rays demonstrated a 0.5 cm lesser curvature gastric 
ulcer which was subsequently biopsied via the gastroscope and 
reported to be benign. No pancreatic calcification was evident on 
abdominal X-rays. A barium enema X-ray showed only diverticulo- 
sis of the sigmoid colon; sigmoidoscopy was negative. Follow-up 
upper GI X-rays confirmed complete healing of the ulcer after 3 
weeks in the hospital. Because of persistent ascites an exploratory 
laparotomy was performed, at which time four liters of ascitic 
fluid was removed. On exploration of the abdomen, the entire 
pancreas was noted to be thickened and indurated, but without 
evidence of pseudocyst formation. An operative pancreatogram 
was obtained via the ampulla of Vater and demonstrated a dilated 
pancreatic ductal system with free extravasation of the contrast 
from the region of the tail of the pancreas into the lesser sac 


b 
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(Fig. 1), Further dissection revealed a 2 mm. punched-out hole ` 


in the anterior surface of the pancreas which communicated freely 
with the main ductal system. In order to effect internal drainage, 
a Roux-Y loop of jejunum was anastomosed end-to-side to the 
pancreas at the site of leakage. The patient’s postoperative course 
was uncomplicated, and the serum amylase fell promptly to 140 
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units. When last seen in follow-up, 18 months after operation, the 
patient had regained his weight and showed no evidence of ascites. 


Comment: Although the diagnosis of pancreatic ascites 


Sy” had been made preoperatively in this man, free leakage 


of pancreatic fluid was not discovered at operation until 
the disrupted duct had been demonstrated by transduo- 
denal pancreatography. Once the site of leakage had 
been identified, internal drainage was easily achiéved by 
means cf a Roux-Y pancreatojejunostomy. 


.Casé 2 (E. E.) A .38-year-old chronic alcoholic man was 
admitted to Grady Memorial Hospital on December 12, 1970, 
with complaints of abdominal pain and diarrhea. He had a past 
history of numerous bouts of pancreatitis. On the current admis- 
sion, his abdomen was diffusely tender with massive ascites. The 
serum amylase was 515 units and rose to a peak of 979 units. 
Serum bilirubin was 0.2 mg./100 ml., alkaline phosphatase 6.3 
King-Armstrong units, prothrombin time slightly elevated and 


*~ serum protein 5.9 Gm./100 ml. (albumin 1.9 Gm./100 ml.). A 


paracentesis Produces straw-colored fluid with an amylase of 328 
units and a protein of 3.5 Gm./100 ml. He responded promptly 
to treatment with nasogastric suction, analgesics and intravenous 
fluids and was discharged after several days with moderate ascites 
still present. On his next examination 3 months later, he was 
observed to have tense ascites and was readmitted to the hospital 
with signs of an acute abdomen. On admission, free air was noted 
under the diaphragm on the chest X-ray. At abdominal explora- 
tion, a perforated duodenal ulcer was found. The perforation was 
simply plicated and the turbid ascitic fluid was evacuated. After 
an initial febrile course, the patient slowly recovered, and his 
wound healed primarily despite recurrent, massive ascites. A repeat 
paracentesis 2 months after operation showed an amylase of 243 
units and. a total protein of 2.6 Gm./100 ml. Serum amylase on 
that occasion was 162 units. Because of persistent ascites, a second 
laparotomy was performed during the 10th week of hospitaliza- 
tion. Approximately 2 liters of straw-coloréd ascitic fluid was 
aspirated, but exploration was severely limited by dense adhesions 


Pe throughout the upper abdomen. Although there was no gross 


evidence of pancreatic pseudocyst or pancreatic ductal leakage, 
dissection in the area of the pancreas was extremely difficult, and 
the procedure was terminated without a definite cause for the 
ascites being established. Cirrhosis seemed to be excluded by the 
normal texture and appearance of the liver. The patient’s post- 
operative course was complicated by upper gastrointestinal bleed- 
ing, which responded to conservative therapy. His ascites reac- 
cumulated, but was never of the severity present prior to operation. 
Intravenous hyperalimentation was administered for 4 weeks, by 
which time th. patient had begun to gain weiglit and had a good 
appetite. Since discharge from the hospital, he has been essentially 
asymptomatic with minimal ascites and normal serum amylase 
values. 


Comment: Management of this patients basic pan- 
creatic disease and complicating ascites was difficult 
once the duodenal uleer perforation occurred. In retro- 
__ spect, it would have been preferable to have performed 
x- definitive surgical treatment for the pancreatic ascites 
on the first hospital admission, since, as it developed, 
surgical carrection was not possible later. Fortunately, 
gradual, spontaneous resolution of the ascites occurred 
during the extended period of support on intravenous 
hyperalimentation. 
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Case 3 (C. J.) A 34-year-old known chronic alcoholic woman 
was admitted to Grady Memorial Hospital on May 24, 1971, with 
complaints óf increasing abdominal swelling and. weaknéss. Shé 
had been admitted to that hospital 1 year before with a diagnosis 
of Laennec’s cirrhosis and ascites. A paracentesis had been per- 
formed on the earlier admission with reports of an amylase of 700 
units and total protein of 3.6 Gm./100 ml. In. the interval between 
the two admissions, she had continued to drink heavily and noted 
intermittent abdominal swelling. On physical examination at the 
current hospitalization, she was found to be a wasted, chronically 
ill woman with a markedly distended abdomen. No abdominal 
tenderness was elicited and no masses could be palpated. Admis- 
sion laboratory values included total bilirubin 0.2 mg./100 ml., 
alkaline phosphatase 21 King-Armstrong units, prothrombin time 
normal and total protein 5.8 Gm./100 ml. (albumin 2.1 Gm./ 
100 ml. ). Serum amylase was 1800 units. A paracentesis produced 
clear, amber fluid with an amylase of 1000 units and a total pro- 
tein of 1.3 Gm./100 ml. Cytology on the fluid was negative. 
Abdominal exploration was performed 3 weeks after admission. 
Three liters of ascitic fluid was aspirated from the peritoreal 
cavity. The entire pancréas was thickened and fibrotic. An opera- 
tive pancreatogram, performed by cannulation of the duct at the 
ampulla of Vater, revealed a minimally dilated pancreatic ductal 
system with free extravasation of contrast fluid into the lesser sac 
(Fig. 2). Upon exploration of the tail of the pancreas, a 3 mm. 
hole was demonstrated in the anterior surface of the gland from 
which clear fluid was noted to drain. Injection of methylene blue 
solution via the catheter situated in the main pancreatic duct con- 
firmed free communication between the duct and the lesser sac 
through the anterior defect. In an effort to drain this area, a 
posterior gastrotomy was performed and a pancreatogastrostomy 
established in two layers using interrupted cotton sutures. A de- 
compressing gastrostomy was then placed in the anterior wall of 
the stomach. The patient’s postoperative coursé was stormy. She 
developed pneumonia, congestive heart failure, and evidence of 
intra-abdominal sepsis. By the third postoperative week, the ascites 
had reaccumulated and she showed increasing abdominal ten- 
derness with a spiking fever. The abdomen was re-explored on 
August 17, 1971, at which time a large lesser sac abscess cavity 
was drained. Following operation, she experienced a progressive 
downhill course marked by excessive drainage from the abdomen 
and by pulmonary insufficiency related to Pseudomonas pneu- 
monia. She died on September 3, 1971; an autopsy was not 
permitted. 
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Fic. I. Case l. Artist’s drawing of a transduodenal operative 
secant Nase demonstrating a grossly dilated ductal system and 
ree extravasation of contrast medium from a disruption of the 
main duct on the anterior surface of the tail of the pancreas. 
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Fic. 2, Case 3. Transduodenal pancreatogram illustrating leakage 
from a disrupted duct in the tail of the gland. 


Gomment: In this case, also, operative pancreatography 
was most helpful in localizing the site of pancreatic leak- 
age. Further identification of the precise area of duct 
disruption was then obtained by injecting a small quan- 
tity of methylene blue into the pancreatogram catheter. 
Internal drainage of the fistula was attempted by per- 
forming a direct anastomosis between the posterior wall 
of the stomach and the capsule of the pancreas around 
the site of leakage. The patient’s subsequent course was 
consistent with breakdown of the pancreatogastrostomy 
suture-line and spillage into the lesser sac, leading to 
abscess formation. Subsequent drainage of the abscess 
resulted in a large volume gastric fistula which, in turn, 
contributed to death. 


Case 4 (B. E.) A 49-year-old chronic alcoholic man, with a 
history of three previous admissions to the hospital for recurrent 
acute pancreatitis, was admitted to the Atlanta VA Hospital on 
July 10, 1971 for complaints of vomiting and epigastric pain of 6 
hours’ duration. On previous admissions, extensive pancreatic cal- 
cification had been demonstrated on X-ray and intermittent steator- 
rhea proven, but there had been no indication of diabetes mellitus. 
Physical examination on the current admission revealed a thin, 
dehydrated, chronically ill man with a scaphoid abdomen. Mild 
epigastric tenderness was noted, but no organs or masses were 
palpable within the abdomen. Admission laboratory data included 
hematocrit 34%, fasting blood sugar 91 mg./100 ml., total bilirubin 
0.3 mg./100 ml., alkaline phosphatase 9.2 King-Armstrong units, 
and serum amylase 114 units. The patient was treated initially for 
alcoholic gastritis and improved rapidly. On the fourth hospital 
day, he was given oral feedings. On the 11th day, however, he 
developed a sudden onset of severe epigastric pain, which rapidly 
became generalized. Physical examination confirmed a rigid, mod- 
erately distended abdomen with absent bowel sounds. Upright 
films of the abdomen did not show evidence of free air. The serum 
amylase was reported 640 units. Exploratory laparotomy was per- 
formed several hours after the onset of pain with a preoperative 
diagnosis of probable perforated ulcer. Upon entering the abdo- 
men, approximately 600 ml. of gray, cloudy fluid was aspirated 
from the peritoneal cavity (an amylase determination on the fluid 
was subsequently reported as 1046 units). The entire pancreas 
was markedly indurated and nodular. On close inspection, cloudy 
fluid was observed to be draining into the free peritoneal cavity 
from a perforation in the posterior parietal peritoneum, adjacent 
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to the second portion of the duodenum. A small catheter was 
inserted into the tract, radiopaque contrast was injected and an 
X-ray demonstrated free communication of the fistulous tract with 
the main pancreatic duct. The pancreatic duct appeared markedly 
dilated, although there was some evidence of reflux into the duo- 
denum. A Kocher maneuver allowed for precise localization of 


the orifice of the fistula in the posterior aspect of the head of the | 


pancreas. Internal drainage was then established by anastomosing 
a Roux-Y jejunal loop to the pancreatic capsule surrounding the 
site of perforation. The patient’s postoperative course was entirely 
uneventful and he was discharged on the 14th day after operation. 
In the first 10 months following discharge, he was readmitted to 
the hospital on three occasions for recurrent upper abdominal 
pain. Extensive tests on those admissions were negative except for 
some evidence of hemorrhagic gastritis on gastroscopy. Amylase 
values remained normal, and there was no recurrence of ascites. 
Sixteen months after the former operation, he returned to the 
hospital with a huge pancreatic pseudocyst which had eroded into 
the stomach and into the splenic artery causing exsanguination. 


Comment: This patient illustra.es an acute variety of 
pancreatic ascites presenting as an abdominal catastro- 
phe. The relatively small volume of peritoneal fluid 
found at initial operation can be attributed to the brief 
period of lapsed time between rupture of the pancreatic 
duct and the abdominal exploration. With more time de- 
lay, there almost certainly would have been a greater ac- 
cumulation of ascitic fluid. The importance of X-ray 
contrast studies in the proper diagnosis of these patients 
is again demonstrated in this rather unusual clinical 
situation. Identification of the disrupted pancreatic duct 
on the posterior aspect of the head of the pancreas by 
X-ray permitted prompt operative diagnosis and ap- 
propriate internal drainage. 


Case 5 (C. H.) A 50-year-old chronic alcoholic man entered 


Grady Memorial Hospital on August 30, 1971 with a chief com- _ 


plaint of abdominal pain for 4 weeks. His pain was mainly epi- 
gastric in location, severe in intensity and radiated through to 
the back. There was no associated nausea or vomiting and no 
history of trauma. On examination, his abdomen was diffusely 
tender, but without evidence of ascites. A serum amylase was 
elevated to 800 units. The diagnosis of acute pancreatitis was 
made and the patient was treated with intravenous fluids, naso- 
gastric suction and atropine. He showed a good clinical response. 
By the ninth hospital day his serum amylase had decreased to 
189 units and he was tolerating oral feedings well. On the 16th 
hospital day, however, he developed a recurrence of abdominal 
pain, associated with nausea and vomiting. Over the next few 
days his abdomen became matkedly distended dnd the serum 
amylase rose to 880 units, He was transferred to the Atlanta 
V.A. Hospital on September 21, 1971, for further management. 
Upon arrival at that facility, his abdomen was massively distended 
with an obvious fluid wave, but he had no abdominal tenderness 
and no masses were palpable. The serum amylase was 704 units; 
liver function tests were entirely normal. Upper GI X-rays and a 


k 


barium enema X-ray were normal. Paracentesis: produced cloudy € 


ascitic fluid with an amylase of 1259 units and a total protein of 
4.2 Gm./100 ml. Cytology on the fluid was negative. The patient 
was placed on a diuretic program, as well as salt and water 
restriction., He experienced a slow, but defnite decrease in his 
ascites over the next several weeks. At the end of 4 weeks of 
observation in the hospital, he was determined to have minimal 
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ascites end was felt to be clinically stable. He was discharged. to 


the care of his personal physician, free of pain and taking a regular 
diet, but with a persistent serum amylase elevation to 300 units. 

Comment: The onset of pancreatic ascites in this pa- 
tient within 2 to 3 weeks after an attack of acute pan- 


_ créatitis raises the question of leakage from a possible 


. 
v 


a 


a 


pseudocyst or from a ductal disruption secondary to 
acute pancreatic inflammation. The negative gastroin- 
testinal X-rays and absence of abdominal mass on physi- 
cal examination do not exclude pseudocyst, since cysts 
too small to be detectable by these examinations can be 
responsible for ascites, Although this patient eventually 
responded to conservative treatment, he still had some 
ascites and mild elevation of serum amylase at the time 
of discharge, and, in retrospect, may have made a more 
rapid and complete recovery with surgical intervention. 


Case 6 (J. B.) A 49-year-old man with a 20-year history of 
chronic alcoholism was admitted to the Atlanta V.A. Hospital on 
November 16, 1971, for progressive abdominal swelling and a 
25-pound weight loss over the preceding 4 months. In 1968, the 
clinical diagnosis of cirrhosis had been made in another hospital, 
and sincs that time, he had continued to have intermittent epi- 
sodes of recurrent ascites. In addition, he had experienced deep 
epigastric and left upper quadrant pain for 4 months prior to the 
current admission. On physical examination, he was a chronically 
ill-appearing wasted man with a markedly distended abdomen. 
Mild generalized abdominal tenderness was evident, together with 
a prominent fluid wave; no organs or masses were palpable within 
the abdamen. Pertinent laboratory data included total bilirubin 
0.4 mg./100 ml., alkaline phosphatase 13 King-Armstrong units, 
SGOT 30 units, total protein 6.8 Gm./100 ml. (albumin 2.7 Gm./ 
100 ml.), prothrombin time normal and serum amylase 857 units. 
A paracentesis produced straw-colored fluid which had an amy- 
lase of 3444 units and a protein of 3.9 Gm./100 ml. Chest X-ray, 
barium -enema X-ray, and oral cholecystogram were interpreted as 
normal, The‘ patient was managed initially with supportive therapy 
and-a variety of diuretics, but had no significant regression of 
ascites. His epigastric pain persisted and upper GI X-rays demon- 
strated an active ulcer in the duodenal bulb. After 3 weeks of 
intensive medical therapy repeat upper GI X-rays confirmed heal- 
ing of the ulcer. There was no evidence of pancreatic enlargement 
or calcification on any of the X-ray studies. Because of the per- 
sistent ascites and chronic serum amylase elevation, the patient 
underwent exploratory laparotomy on January 28, 1972. At that 
time, approximately 800 ml. of amber-colored peritoneal fluid was 
evacuated (amylase on this fluid was subsequently reported as 
3040 units and the total protein as 6.1 Gm./100 ml.). On explora- 
tion, the liver appeared normal but the entire pancreas was firm 
and nodular and a 5 cm. pseudocyst was noted to extend from the 
tail of the pancreas into the transverse mesocolon. No extravasa- 
tion of pancreatic fluid from the cyst could be demonstrated. A 
duodenotomy was performed and a retrograde pancreatogram at- 
tempted, but the study was unsuccessful due to occlusion of the 
pancreatic duct in the region of the ampulla of Vater. A caudal 
pancreatectomy with splenectomy was then accomplished includ- 
ing resection of the small pseudocyst. Thereafter, a pancreatogram 
was obtained by cannulating the distal duct at the amputated 
stump of the pancreas; moderate dilatation of the entire ductal 
system was evident with complete obstruction of the main duct 


_in the head of the gland (Fig. 3}. Caudal drainage of the pancreas 


was then established by means of a Roux-Y pancreatojejunostomy. 
The postoperative course was uneventful. The serum amylase fell 
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Fic. 3. Case 6, Operative pancreatogram via a catheter introduced 
into the distal pancreatic duct after caudal pancreatectomy, dem- 
onstrating a dilated duct with total obstruction at the duodenal end 
of the system. 


promptly to 116 units following operation and there was no recur- 
rence of ascites by the time of last examination 6 months later. 


Comment: The diagnosis of “cirrhosis with cirrhotic 
ascites” is a common error among patients later proven 
to have pancreatic ascites. This individual apparently 
had had ascites related to chronic pancreatic disease 
periodically for over 2 years before the correct diagnosis 
was made and appropriate therapy instituted. Although 
the pseudocyst did not appear to be leaking actively 
at the time of exploration, it was almost certainly the 
source for the chronic ascites. In this particular case, 
the pseudocyst was small and located in an area where 
it could be removed easily by partial pancreatectomy. 
Distal drainage of the pancreas was also necessary, how- 
ever, since the pancreatic duct was found to be totally 
obstructed at its proximal end on operative pancreatog- 
raphy. 


Case 7 (H. W.) A 52-year-old man was admitted to Emory 
University Hospital on January 30, 1972, for symptoms of severe 
abdominal pain and back pain for 8 weeks. He had sustained a 30- 
pound weight loss over a period of 6 months. Physical examination 
was unremarkable except for systemic hypertension and moderate 
hepatomegaly. Diabetes mellitus was confirmed by glucose toler- 
ance test and mild steatorrhea demonstrated on a 72-hour fecal fat 
examination. Multiple radiologic examinations including upper GI 
X-rays, hypotonic duodenogram, intravenous cholangiogram and 
celiac-superior mesenteric arteriograms were not diagnostic. A 
barium enema X-ray showed diverticulosis. At exploratory laparo- 
tomy, the patient was found to have carcinoma of the head and 
body of the pancreas with invasion of the peri-aortic retroperi- 
toneal tissues. A confirmatory biopsy was obtained and sump drain- 
age of the area of dissection was established. The early postopera- 
tive course was complicated by pneumonia and an episode of 
severe hypertension. Three weeks following operation, he de- 
veloped a tender left upper quadrant mass which was a probable 
pancreatic pseudocyst resulting from the recent operative trauma. 
Because of the known unresectable malignancy, it was decided to 
observe the pseudocyst and, accordingly, the patient was dis- 
charged from the hospital. Two weeks later he was readmitted with 
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severe abdominal and left shoulder pain, as well as signs of 
peritonitis. At re-exploration of the abdomen he was found to 
have a ruptured pseudocyst in the region of the lesser sac with 
massive ascites and extensive peritoneal fat necrosis. Because of 
his precarious condition, the cyst was simply drained externally 
with multiple soft rubber drains and the abdomen was closed. 
The drains ceased functioning after 6 days and were removed 
prior to his discharge from the hospital on the tenth postoperative 
day. By the time of readmission to the hospital 3 weeks later, the 
patient had a recurrent, cystic mass filling the entire upper ab- 
domen. A third abdominal exploration was undertaken 2 days after 
readmission, at which time a cystogastrostomy was performed to 
decompress a retrogastric pseudocyst which contained 5400 ml. of 
‘fluid. An amylase determination on the cystic fuid was 65,000 
units; a serum amylase only 2 days before was 51 units. Post- 
operative recovery following this final procedure was very slow and 
complicated by episodes of gastric bleeding. Intravenous hyperali- 
mentation was administered for a 2-week period to provide support 
while his oral intake was inadequate. Moderate ascites reaccumula- 
tion was noted by the fourth week following operation and 
persisted until death on July 22, 1972. An autopsy confirmed 
adenocarcinoma of the pancreas with obstruction of the common 
bile duct and metastases to the retroperitoneum and to the liver. 
The cystogastrostomy appeared patent; only a 5 cm. residual 
space remained of the previous large pseudocyst. 


Comment: Pancreatic ascites was rather abrupt in on- 
set in this man, the result of an acutely ruptured pseudo- 
cyst. Simple external drainage of the cyst was decided 
upon at the second operation because: a) the cyst wall 
was fragile and did not appear suitable for a suture 
anastomosis, and b) the patient was not in condition to 
withstand a more complex surgical procedure. External 
drainage was successful in resolving the acute problem, 
but the pseudocyst recurred within a few weeks and re- 


quired later, definitive surgical treatment. At third op-. 


eration, cystogastrostomy’ was selected as the method 
of internal drainage because of the thick, common wall 
between the large pseudocyst and the posterior aspect 
of the stomach. The subsequent gastric bleeding episodes 
that he experienced are a recognized complication of 
pseudocyst-to-stomach drainage procedures. Fortunately, 
the bleeding responded to conservative management. 
The recurrence of ascites during the terminal phase of 
his illness was felt, in retrospect, to have been due to 
intra-abdominal carcinomatosis rather than to a pan- 
creatic source, since the previous pseudocyst seemed 
to be adequately decompressed at the time of autopsy. 


Case 8 (R. D.)° A 43-year-old man was admitted to the 
Tuskegee V.A. Hospital on May 12, 1971, with enormous ab- 
dominal swelling and marked malnutrition. He was a chronic 
alcoholic and had been losing weight steadily for about 1 year. 
The increase in abdominal girth had occurred over a 4-day period 
prior to admission. He was severely debilitated and dyspneic with 
massive ascites and scleral icterus. A paracentesis was not done, 
but tuberculous peritonitis was suspected clinically. Supportive 


* The authors express appreciation to the staff of the Veterans 
Administration Hospital, Tuskegee, Alabama for permission to 
include this case report in the present series, 
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therapy was instituted; however, his condition continued to de- 
teriorate and he died on the sixth hospital day. An autopsy con- 
firmed severe, generalized peritonitis and pancreatic ascites due 
to a large, ruptured pseudocyst. An amylase determination on the 
peritoneal fluid was 800 units. 


Comment: This case history illustrates again the im- 
portance of a high index of suspicion and the need for 
positive steps to establish the diagnosis early. Prompt 
external drainage of the leaking pseudocyst may have 
been lifesaving in this rapidly worsening clinical situa- 
tion. 

Discussion 
Diagnostic Considerations 

The proper management of pancreatic ascites depends 
upon accuracy in diagnosis. Although it is common to 
have some free peritoneal fluid accumulation in severe 
pancreatitis and in advanced pancreatic carcinoma, it is 
relatively uncommon to have ascites as a complication 
of chronic, non-malignant pancreatic disease.*%*!.?? Pa- 
tients with massive ascites and cachexia are more likely 
to be considered to have cirrhosis or abdominal car- 
cinomatosis.428 The former is particularly understand- 
able since chronic alcoholism is an etiologic factor com- 
mon to both cirrhosis and chronic pancreatitis.’ The 
literature, as well as our own case reports, contain a num- 
ber of examples of patients treated for cirrhotic ascites, 
sometimes for months with no response, only to find later 
that the liver is normal and the pancreas has been re- 
sponsible for the ascitic fluid. Differentiation between the 
two conditions is further confused by the fact that as 
many as 20 per cent of cirrhotics have an elevated serum 
amylase and serum lipase, without any evidence of pan- 
creatic disease.® A third condition that has caused major 
confusion in the differential diagnosis of this condition 
is tuberculous peritonitis.1:8 Nephrosis, constrictive peri- 
carditis, polyserositis, and the ascites of marked starva- 
tion must also be considered in the differential but are 
more easily excluded on clinical grounds. Once pancre- 
atic ascites is suspected, definitive diagnosis can be estab- 
lished easily by demonstrating a high protein content and 
high amylase level in the ascitic fluid." The total protein 
content of ascitic fluid in cirrhosis is usually in the 0.5- 
1.5 Gm./100 ml. range, whereas in pancreatic ascites the 
protein is generally elevated to 2.9 Gm./100 ml. or 
higher.* The amylase content of the ascitic fluid is always 
elevated in pancreatic ascites, sometimes into the thou- 
sands. By contrast, ascitic fluid from patients with un- 
complicated cirrhosis, intra-abdominal carcinoma or 
tuberculous peritonitis can be expected to show a normal 
amylase value.1?° Peritoneal fluid amylase may well be 
elevated in severa] acute abdominal conditions—perfo- 
rated ulcer, intestinal infarction, and acute pancreatitis— 
but these are not likely to be confused clinically with 
chronic pancreatic ascites.*° Cytologic studies and bac- 


x 
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terial cultures of the peritoneal fluid should be negative 
in benign pancreatic ascites; red and white blood cell 
counts may be elevated in this exudative type response. 


XY” Ascitic fluid. lipase has been reported elevated in one 


patient to date.2* The appearance of the fluid removed 
at paracentesis is-of no real aid in differential diagnosis. 
Most patients have clear, straw-colored fluid, but turbid, 
sanguinous and even chylous fluids have been reported 
in patients with well documented pancreatic ascites. 
Serum amylase levels are elevated at some time dur- 
ing the hospital course of the majority of individuals with 
pancreatic ascites, but this test is not a reliable indicator 
since it occasionally remains entirely normal, as in our 
Cases 2 and 7.4 When the serum amylase is elevated, the 
value is generally less than that of the peritoneal fluid 
amylase. The two concentrations, in fact, often appear 


>” to have little correlation with one ancther.®™ 


The clinical setting in which pancreatic ascites devel- 

ops is variable, but certain features of the history and 
physical examination are common enough to alert the 
physician to the possibility. The age of the patient is of 
little importance, as pancreatic ascites spans the age 
range from infancy to late adulthood. Among the 70 pa- 
tients reported to date, 16 are children and 54 are adults 
(range: 4 months to 57 years), The average age of the 
adults is 39 years. Males are affected twice as often as 
females. The majority of the adult patients with pan- 
creatic ascites are chronic alcoholics, 78 per cent (Table 
1). Some of these adults have a past history suggestive of 
acute pancreatitis, but many do not. Most have some 
abdominal pain associated with development of the 
ascites; some are totally pain free.” Duration of the 


Y abdominal distention varies from a few hours in some 


to many months in others, but the majority have had 
abdominal distention for several weeks when they are 
admitted to the hospital.? Weight loss, weakness, anorexia 
and diarrhea are commonly associated complaints among 
these patients. Many of them show profound malnutri- 
tion and cachexia as a result of the severe clinical decline 
that often accompanies the accumulation of massive 
ascites. In addition to the clinical history, the patient’s 
hospital course itself may provide a clue to the correct 
diagnosis. These patients typically have resistant ascites 
that responds poorly, if at all, to salt restriction-diuretic 
regimens and recurs promptly after paracentesis.1+ 

On physical examination, the most constant findings 
are massive ascites and evidence of severe weight loss. 
Fever is an infrequent positive finding. The occasional 


g patient presents with a palpable upper abdominal mass 


and/or abdominal tenderness, but many have no de- 
tectable mass on physical examination, even after much 
of the fluid has been removed by paracentesis.” 

Among patients in the pediatric age group, the best 
clue to a possible pancreatic etiology for ascites may be 
a history of blunt trauma to the abdomen. Seven of the 
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TABLE 1. Etiology of Pancréatic Disease among 70 Reported Cases of 
Pancreatic Ascites 

Children 16 Total Patients 
‘Trauma 7 
Recurrent pancreatitis 1 
Unknown 8 

Adults 54 Total Patients 
Alcoholism 
‘Trauma 5 
Biliary pancreatitis 2 
Unknown 5 


16 children reported had a fairly convincing history of 
abdominal trauma in the recent or remote past (Table 
1).86 The authors have had no personal experience with 
pediatric patients with this condition, but have been un- 
able to ascertain from case reports in the literature any 
findings on physical examination that would be more spe- 
cific for pancreatic ascites than those seen in adults. 

Preoperative roentgen studies, if positive, support the 
diagnosis; if negative, they do not exclude it, Evidence 
of a pancreatic pseudocyst may be seen by distortion 
of gas patterns on abdominal plain films or by extrinsic 
compression of the gastrointestinal tract on GI X-rays.” 
Calcification of the pancreas on X-ray suggests that 
organ as a possible source for ascites, but this finding 
has not been reported often among these patients. 
Pleural effusions have been noted in association with 
pancreatic ascites in a number of patients but this also 
constitutes a rather nonspecific diagnostic aid, as many 
other forms of ascites have accompanying pleural ef. 
fusion, as wel].3.23.88 

In summary, two steps are necessary for the diagnosis 
of pancreatic ascites: a) a high index of suspicion of the 
condition in any patient, young or old, with unexplained 
ascitic fluid; and b) a diagnostic paracentesis for peri- 
toneal fluid analysis, Barua et al. have recommended 
further refinement of the diagnosis by means of peri- 
toneoscopy.* They performed peritoneoscopy in four pa- 
tients with pancreatic ascites and saw evidence of a 
pseudocyst in all four. Since most patients with pan- 
creatic ascites require a formal laparotomy for definitive 
therapy however, peritoneoscopy would seem to be an 
unnecessary procedure in the majority of these individ- 


uals. 


Therapeutic Considerations 


Successful treatment for pancreatic ascites depends 
upon an understanding of the pathophysiologic mech- 
anisms involved. A number of different theories have 
been offered over the years to explain the development 
and perpetuation of massive ascites in a patient with 
chronic pancreatitis and/or pseudocyst. Some have at- 
tributed the fluid to lymphatic obstruction in the retro- 
peritoneum or mesentery by pressure from a pancreatic 
pseudocyst.§ Others have theorized that portal vencus 
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TABLE 2. Pathologicai Findings Presumably Responsible for Develop- 
ment of Pancreatic Ascites among 70 Reported Cases 


Pancreatic pseudocyst 41 
Pancreatic duct disruption 11 
Pancreatitis 9 
Unknown or not stated 9 


obstruction by extrinsic pressure from the pancreas may 
result in portal hypertension and secondary ascites.?®:3T 
Chronic peritoneal inflammation by the transudation of 
pancreatic enzymes from an inflamed gland and the 
osmotic effect of severe hypoproteinemia have also been 
mentioned as contributing factors.?5 Some or all of 
these mechanisms may be at work in individual cases, 
but the explanation that seems most plausible for the 
greatest number of patients was offered by Cameron 
et al. in 1967.4 They found that pancreatic duct disrup- 
tion, with or without pseudocyst formation, was the 
most common etiologic factor among their own patients 
‘and those reported in the literature with pancreatic 
ascites. Pancreatic secretions which leak directly from 
an open duct or via the wall of an incomplete pseudo- 
cyst, even if not activated, irritate the peritoneum and 
evoke an exudative response.” Ductal rupture can be 
related to pancreatitis from alcoholism or biliary dis- 
ease in most of the adults and to blunt trauma in many 
of the children involved. Table 2 summarizes the 
pathologic findings at operation, peritoneoscopy or au- 
topsy in the patients reported to date and indicates that 
nearly 60 per cent have had pancreatic pseudocysts in 
association with the ascites. Another 16 per cent have 
had pancreatic duct disruption with direct leakage into 
the peritoneal cavity. 

At the time of abdominal exploration, identification of 
the site of duct rupture may not be easy under condi- 
ions of chronic indammation, retroperitoneal edema and 
peripancreatic adhesions. Operative pancreatography has 
proven to be a very useful diagnostic procedure, espec- 
ially in those patients who do not have an obvious pseu- 
docyst draining into the abdominal cavity, The first 
pancreatogram for identification of the source for pan- 
creatic ascites was reported by Sulamaa and Viitanen 
in 1964.55 Since then, 12 additional cases have been de- 
scribed, including four from the present series, in which 
contrast studies were instrumental in the proper selec- 
tion of therapy.?:+5.31.38 A variety of technics have been 
utilized to perform these pancreatograms, including can- 
nulation of both proximal and distal ends of the main 
pancreatic duct, direct injection of the fistulous tract, 
transcystic cannulation of the duct and injection of con- 
trast into an intact cyst. Obscure sites of leakage have 
been idenified by these technics, as in our Case 4, al- 
lowing for quick, accurate diagnoses, which otherwise 
may have been missed entirely or made only after ex- 
tensive pancreatic dissection. 
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The management of pancreatic ascites has been varied 
in patients reported to date, but the majority have had 
surgical treatment and, on the whole, the results have 
been satisfactory (Table 3). It seems reasonable to with- 
hold operation for several weeks of observation if the 
patient is stable or improving, since a few patients ap- 
parently seal their leaks spontaneously and proceed to 
resolution of the ascites, as in our Case 5.31 We do not 
recommend postponing surgical intervention in the pa- 
tient who continues to deteriorate, however, in anticipa- 
tion of a possible eventual, spontaneous reversal. Nor 
do we feel that it is justifiable to defer operation for 
many months, as recommended by Jensen and Babior, 
even in the stable patient, since surgical treatment offers 
an opportunity for prompt, total relief of symptoms at 
a low risk of mortality.” Among the 19 patients who had 
no surgical treatment (including 15 with medical therapy 
only and four with irradiation), there were five deaths 
and one recurrence, for a failure rate of 32 per cent. 
Abdominal exploration only, without a definitive drainage 
procedure, also failed in a high percentage of cases. Of 
10 patients who had exploration only, six had recurrence 
or persistence of the ascites and five of these required 
re-operation for relief of symptoms. 

External drainage of the leaking pseudocyst or dis- 
rupted pancreatic duct was selected as definitive treat- 
ment in 15 patients with pancreatic ascites. Although 
subsequent follow-up on these individuals showed six 
treatment failures (one death and five recurrences), the 
method should not be coridemned since it may be the 
treatment of choice for poor-risk patients or those with 
immature, fragile cysts that will not support a suture 
anastomosis, as was true in our Case 7.2 Warren's ex- 
perimental and clinical studies have shown that the 
pseudocyst must be 4 to 6 weeks in duration before suf- 
ficient fibrous tissue is present in the “wall” to permit 
a safe internal drainage anastomosis.**! If operation 
must be done before the cyst wall is mature, and simple 
external drainage is elected, a relatively high incidence 
of external pancreatic fistula or recurrent pseudocyst 
must be expected. A second stage procedure can usu- 
ally be delayed, however, until the patient has recovered 
from the acute, debilitating ascitic problem. 

Most of the operations performed for pancreatic ascites 
are done electively, in relatively stable patients, per- 
mitting the surgeon to perform definitive treatment at 
initial operation.t As indicated in Table 3, the methods 
of treatment have varied from partial resection of the 
pancreas to a wide variety of internal drainage pro- 
cedures. The route of drainage selected most often has 
been connection of the pseudocyst or the leaking duct 
to the stomach by means of a cystogastrostomy or pan- 
creatogastrostomy (16. cases). This apparently is an at- 
tractive internal drainage procedure because of the 
proximity of the stomach to the pancreatic lesion. It 
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TABLE 3, Summary of Definitive Treatment among 70 Reported Cases of Pancreatic Ascites 





Persistent or 





Number of Recurrent Ascites Hospital 
Form of Therapy Patients Treated and/or Pseudocyst Deaths References 
Supportive Medical 15 1 4 1, 5, 13, 18, 19, 20, 24, 
30, 34, 36, authors 
Irradiation Therapy 4 0 1 10, 14, 21, 24 
Abdominal Exploration Only 10 6 0 1, 5, 17, 18, 28, 30, 33, 
42, authors 
External Drainage 15 5 1 6, 7, 8, 16, 21, 27, 28, 30 
35, 39, authors 
Sphincterotomy 4 2 0 18, 23, 35 
Cystogastrostomy or 16 2 3 3, 5, 15, 22, 25, 27, 28 30, 
Pancreatogastrostomy 31, 32, 38, 42, authors 
Cystoducdenostomy or 2 0 0 2, 30 
Pancreatoduodenostomy 
Partial Pancreatectomy Alone 3 0 0 5, 28, 35 
Partial Pancreatectomy with 6 0 0 4,5, 31, authors 
Roux-Y Drainage* 
Roux-Y Drainage Alone 6 { 0 5, 8, 11, 12, authors 
Thoracic Duct Drainage 2 i 0 if 


* Includes one Puestow procedure 


should be noted, however, that three deaths and two 
recurrences can be attributed to this procedure, for a 
31 per cent failure of initial therapy. Not included 
among those complications and deaths are two other 
individuals with massive gastric bleeding after cysto- 
gastrostomy and two more who had stormy postopera- 
tive courses related to intra-abdominal sepsis, presum- 
ably from leakage of the gastric suture line. The over-all 
significant morbidity rate for transgastric drainage, there- 
fore, exceeds 50 per cent. By contrast, Roux-Y internal 
drainage procedures, with or without concomitant par- 
tial pancreatectomy, and partial pancreatic resection 
alone, have been performed a total of 15 times with only 
one late recurrence and no deaths reported. Moreover, 
there have been essentially no major complications such 
as gastrointestinal bleeding or sepsis related to suture- 
line breakdown among these patients. On the basis of 
these accumulated data and our personal experience 
with six operative cases, the authors feel that Roux-Y 
cystojejunostomy or pancreatojejunostomy is far superior 
to any variety of internal drainage that utilizes the 
stomach for decompression. If done at all, transgastric 
drainage should be confined to those patients who have 
a thick, common wall between the pseudocyst and the 
posterior aspect of the stomach causing complete fu- 
sion of the two structures. Care should be exercised to 
avoid mobilization of the stomach away from the cyst, 
in order to preserve the common wall and to eliminate 
the need for suture coaptation. If there is discontinuity 
between tke cyst and the stomach, or if there is no cyst 
at all, but simply a ruptured duct, we feel that it is con- 


traindicated to attempt transgastric drainage, because the 


effectiveness of the operation depends on a tenuous su- 
ture-line. Decompression with a defunctionalized loop 
of jejunum is superior in those circumstances, because 


the integrity of the suture-line is not so critical. If the 
Roux-Y pancreatojejunostomy leaks, or even separates 
entirely, bowel continuity is maintained, and, at the 
worst, one might expect recurrence of the pseudocyst 
or ascites. 

If the cyst is small and located in the tail, excision of 
the cyst together with a portion of the pancreas may be 
the preferred treatment. In those cases, as well, a pan- 
creatogram should be performed to determine whether 
the duct empties into the duodenum or is obstructed 
somewhere along its course. If obstruction is identified, 
appropriate Roux-Y drainage should be established 
(Case 6). The same principle applies in those few pa- 
tients with no cyst and no obvious duct disruption at 
abdominal exploration. In those individuals, a pancreato- 
gram is essential, and internal drainage should be pro- 
vided for any recognized obstructions.’ A sphincterotomy 
may suffice for decompression if the obstruction is con- 
fined to the proximal end of the main duct.18?3.35 

Intravenous hyperalimentation is an important adjunct 
to therapy in patients with pancreatic ascites during 
the periods of preoperative preparation and postopera- 
tive support. This therapy was utilized effectively in 
two of our patients when oral alimentation was impos- 
sible or inadequate (Cases 2 and 7). 


Summary 


Pancreatic ascites should be considered in any pa- 
tient with a chronic peritoneal fluid accumulation, re- 
gardless of age. The diagnosis can be made simply by 
paracentesis and analysis of the fluid for protein and 
amylase content. The serum amylase is usually elevated 
as well, but may be within normal limits and, thus, is 
not a reliable index of the pancreas as a source for ascites. 


Once the diagnosis has been established, the patient 
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may be observed on medical treatment for a few weeks 
if he is otherwise stable, since spontaneous resolution of 
pancreatic ascites occurs in a significant number of 
individuals. If the ascites does not resolve, or if the 
patient’s condition deteriorates under observation, ab- 
dominal exploration is indicated. Definitive surgical treat- 
ment consists of partial pancreatectomy and/or appropri- 
ate internal drainage of the leaking pseudocyst or 
ruptured pancreatic duct. Based upon physiologic prin- 
ciples and the accumulated clinical experience to date, the 
technic of choice for internal drainage is the defunction- 
alized Roux-Y jejunostomy. Transgastric drainage is con- 
traindicated in any patient in whom a suture anastomosis 
is required to connect the stomach and the pancreatic 
cyst or leaking duct. External drainage may be indicated 
as the initial procedure in poor-risk patients to achieve 
immediate survival. 
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Instantly- 

at a touch- 

every electrosurgical 
property you need! 


Full-range “mixing” of true cutting 
and coagulating currents 


Burdick introduces the new SU/8 Electro- 
surgical unit that provides the right 
combination of cutting and coagulating 
properties for any surgical procedure — 
instantly, at the touch of a switch. The SU/8 
combines the superior cutting power of 
the vacuum-tube current with the better 
coagulating properties of the spark-gap 
current to give the exact “mix” of cutting 
and coagulating desired — or the two may 
be used separately. 


e 5-year warranty on spark-gap assembly 


e explosionproof foot switch for clear, 
positive control 


e simplified flush-top panel with minimum 
of operating controls 


Ask your Burdick dealer for the full story, or 
write The Burdick Corporation, 
Milton, Wisconsin 53563. 
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Injectable Valium (diazepam) 
the versatile psychotherapeutic agent 


prior to surgery 


Injectable Valium (diazepam) can of preoperative procedures. 
promptly calm the surgical patient by lessening The recommended dosage is 10 mg, 
the excessive anxiety and undue tension t^at I.M., administered one to two hours 
may be associated with strange surroundiugs preoperatively. Injectable Valium (diazepam) 
and disturbing procedures. And it can provide should not be mixed or diluted with other drugs, 
the added advantage of diminishing recall solutions or fluids. 


adjunctively prior to 
gastroscopy and esophagoscopy 


Injectable Valium (diazepam) can and laryngoscopy because of the possibility 
be a valuable adjunct in allaying excess e of increased cough reflex and laryngospasm. 
anxiety when it accompanies such procedures. Necessary countermeasures should be 
It reduces the anxiety, yet allows the immediately available. 
patient to cooperate by responding to Half an hour before gastroscopy or 
commands and following instructions. esophagoscopy, a 5 to 10 mg dose is administered 


It is not recommended for bronchoscopy I.M. or I.V. 





prior to cardioversion 


Through relief of undue anxiety and excessive tension, 
Injectable Valium (diazepam) can effectively calm the patient. Mem- 
ory of the cardioversion procedure can be markedly diminished. 
Injectable Valium seldom significantly alters vital signs. Nevertheless, 
there have been infrequent reports of hypotension and rare reports 
of apnea and cardiac arrest. Resuscitative facilities should be immedi- 


ately available. 
Five to ten minutes before elective cardioversion, the 


recommended dosage is 5 to 15 mg, injected slowly I.V. (5 mg/min.). 


Injectable 
Valium (diazepam) 


ready-to-use 2-ml 
-Eject 
(disposable syringes) 
10-ml vials }5mg/nl 
2-ml ampuls 


For asummary of product information, please see 
the following page. 


Injectable Valun (diazepam) 


psychotherapeutic 


Before prescribing, please con- 
sult complete product information, 
a summary of which follows: 

Indications: Tension and anx- 
iety states; somatic complaints 
which are concomitants of emo- 
tional factors; psychoneurotic states 
manifested by tension, anxiety, ap- 
prehension, fatigue, depressive 
symptoms or agitation; symptomatic 
relief of acute agitation, tremor, de- 
lirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunc- 
tively in: relief of skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by up- 
per motor neuron disorders; atheto- 
sis; stif/man syndrome; tetanus; 
status epilepticus and severe recur- 
rent seizures; anxiety prior to gas- 
troscopy, esophagoscopy, and surgi- 
cal procedures; cardioversion (I.V.). 

Contraindicated: In infants; in 
patients with known hypersensitivity 
to the drug; in acute narrow angle 
glaucoma; may be used in patients 
with open angle glaucoma receiving 
appropriate therapy. 

Warnings: Inject I.V. slowly, 
directly into vein; take at least one 
minute for each 5 mg (1 ml) given. 
Do not mix or dilute with other solu- 
tions or drugs. Do not add to I.V. 
fluids. Rare reports of apnea or car- 
diac arrest noted, usually following 
I.V. administration, especially in 
elderly or very ill and those with 
limited pulmonary reserve; dura- 
tion is brief; resuscitative facilities 
should be available. Not recom- 
mended as sole treatment for psy- 
chotic or severely depressed patients. 
Should not be administered to pa- 
tients in shock, coma, acute alcoholic 
intoxication with depression of vital 
signs. Caution against hazardous 
occupations requiring complete 
mental alertness. Advise against 
simultaneous ingestion of alcohol 
and other CNS depressants. With- 
drawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discon- 


the versatile 


agent 


tinuance (convulsions, tremor, ab- 
dominal and muscle cramps, vomit- 
ing and sweating). Keep addiction- 
prone individuals under careful 
surveillance because of their pre- 
disposition to habituation and de- 
pendence. In pregnancy, lactation or 
women of childbearing age, weigh 
potential benefit against possible 
hazard to mother and child. 

Precautions: If combined with 
other psychotropics or anticonvul- 
sants, carefully consider individual 
pharmacologic effects—particularly 
with known compounds which may 
potentiate action of Valium 
(diazepam), such as phenothiazines, 
narcotics, barbiturates, MAO in- 
hibitors and other antidepressants. 
Usual precautions indicated in pa- 
tients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precau- 
tions in impaired renal or hepatic 
function. Not recommended for 
bronchoscopy, laryngoscopy, obstet- 
rical use, or in diagnostic pro- 
cedures other than gastroscopy 
and esophagoscopy. Laryngospasm 
and increased cough reflex are pos- 
sible during gastroscopy; necessary 
countermeasures should be avail- 
able. Hypotension or muscular 
weakness possible, particularly when 
used with narcotics, barbiturates or 
alcohol. Since effect with narcotics 
may be additive, appropriate reduc- 
tion in narcotic dosage is possible. 
Use lower doses (2 to 5 mg) for el- 
derly and debilitated. Safety and effi- 
cacy in children under 12 not 
established. 

Side Effects: Drowsiness, fa- 
tigue, ataxia, confusion, depression, 
constipation, dysarthria, diplopia, 
headache, hypoactivity, hiccups, 
hypotension, incontinence, jaundice, 
nausea, changes in libido, changes 
in salivation, phlebitis at injection 
site, urinary retention, skin rash, 
syncope, slurred speech, urticaria, 
tremor, vertigo, blurred vision. Para- 
doxical reactions such as acute hy- 


ast 







perexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances 
and stimulation have been reported; 
should these occur, use of the drug 
should be discontinued. Isolated re- 
ports of neutropenia, jaundice; pe- 
riodic blood counts and liver func- 
tion tests advisable during long-term 
therapy. Minor EEG changes, usu- 
ally low-voltage fast activity, of no 
known significance. 

Dosage: Usual initial adult dose 
is 2 to 10 mg I.M. or I.V., depending 
on indication for use. Lower doses 
(usually 2 to 5 mg) with slow dosage 
increase for elderly or debilitated 
patients and when sedative drugs 
are added. (See Precautions and Ad- 
verse Reactions.) In gastroscopy and 
esophagoscopy, 5 to 10 mg, I.M. or 
I.V., 30 min. prior to procedure. As 
preoperative medication, 10 mg, 
I.M., 1 to 2 hours before surgery. In 
cardioversion, 5 to 15 mg, I.V., within 
5 to 10 min. prior to procedure. Give 
I.V. injections slowly; take at least 1 
minute for each 5 mg (1 ml). 

In acute conditions injection 
may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is 
usually satisfactory; not more than 
30 mg should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium® (diazepam) 
Ampuls, 2 ml, boxes of 10; Vials, 

10 ml, boxes of 1; ‘Tel-E-Ject™.- 
(disposable syringes), 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 40% propylene 
glycol, 10% ethyl alcohol, 5% sodium 
benzoate and benzoic acid as 
buffers, and 1.5% benzyl alcohol as 
preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 










Documentation without delay is easy 
with SurgiCam. Anyone in the O.R. 
can consistenly take excellent color 
photos without training... just pick 
it up, focus, and shoot. 


The built-in strobe lamp provides 
brilliant lighting for clear, sharp color 
pictures. Inside the autoclavable 
housing is Switzerland’s finest 35mm 
camera—the ALPA Surgical 81, 
specially designed for the Surgi- 
Cam system. This rugged 
camera system with- 
stands rough han- 
dling. It takes 
photos as 






as 
seven 
inches, fo- 
cuses easily 
through the bright 
f/1.9 lens. Focusing light 
assures accuracy in shad- 
owed cavities. 

SurgiCam speeds up O.R. photogra- 
phy and provides high-quality docu- 
mentation. Send for information and 
sample slide today. 


Meddev 





SurgiCam.. 
The autoclavable photographic 
system 
















CORPORATION ODept.S P.O. Box 1352, Los Altos. CA 94022 


WANTED: 
CARDIOVASCULAR SURGEON 


There is an excellent opportunity in a university 
centre for a highly qualified and competent 
Cardiovascular Surgeon. The applicant prefer- 
ably should have some experience in admin- 
istration and/or independent research in his 
specialty. All replies or applications will be 
held strictly confidential on applicant's wishes. 


Reply to Box No. AS5, c/o J. B. Lippincott Com- 
pany, East Washington Square, Philadelphia, 
Pa. 19105. 


NEW FROM YALE 


Functional Anatomy of the Newborn 
by Edmund S. Crelin 


The need for accurate information about the anatomy of 
the newborn infant led to the publication in 1968 of Dr. 
Crelin’s large and detailed atlas. The present volume is a 
synopsis of that atlas. Professionals and paraprofes- 
sionals who deal with the newborn will find it a highly 
useful and convenient reference. Since the newborn in- 
fant is not a miniature adult, those parts of the infant's 
functional anatomy that differ most from the adult 
receive the greatest emphasis. Clinically important infor- 
mation such as pulse rate, blood pressure, blood cell 
counts, body temperature, and breathing rate is also 
included. The three full-page plates of the whole body 
have general clinical application since they make it pos- 
sible to relate internal body parts to the surface of the 
body of the newborn infant. cloth $8.00 paper $3.95 


vja Yale University Press 
New Haven and London 
LIE 


in Canada: McGill-Queen’s University Press 





umatic wounds 
complicated by infection—an urgent concern 


*due to susceptible organisms 











Before Administration of Loridine 


1. Determine renal status before 
initiating therapy. 

2. In patients with renal impair- 
ment, reduced dosage should be em- 
ployed. Other antibiotic therapy 
should be considered if impairment is 
due to acute tubular necrosis. 


3. As with other antibiotics, appro- 
priate specimens for culture and sus- 
ceptibility testing should be obtained. 


4. Use cautiously with other poten- 
tially nephrotoxic antibiotics (e.g., 
gentamicin, kanamycin, colistin, and 
polymyxin B), in penicillin-allergic pa- 
tients, and in those receiving potent 


(cephaloridine) 


Loridine I. M. 500-mg. ampoule 


therapy worthy of consideration 


Traumatic wound infections often require the 
rapid and effective action that Loridine I.M. can provide 
when they are due to susceptible organisms. 

Loridine is active in vitro against many pathogens that 
may cause skin and soft-tissue infections, including sus- 
ceptible strains of staphylococci, Escherichia coli, and 
streptococci, and is also effective in the presence of mixed 
infections.? 

Peak blood levels of 7 to 14 mcg. per ml. respectively 
were obtained in one-half to one hour following intramus- 
cular administration of 250 and 500 mg. to humans. Meas- 
urable levels of Loridine persisted for longer than twelve 
hours. 

These are a few of many reasons why Loridine provides 
therapy worthy of consideration. 


tMany strains of enterococci are relatively resistant. Some strains of staphy- 


lococci are resistant. Pseudomonas organisms are resistant, as are most indole- 
producing Proteus species and motile Enterobacter Species. 


Litty 


300491 


diuretics, such as furosemide oretha- 
crynic acid. 


During Administration of Loridine 


1. Because of potential nephrotox- 
icity, daily dosages above 4 Gm. are 
not recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to 3 Gm. daily. 
In patients with renal impairment, 
recommendations in the package lit- 
erature should be followed for main- 
tenance dosage after a loading dose 
of 500 mg. to 1 Gm. If an endogenous 
creatinine clearance is considered 
more desirable than available BUN or 
serum creatinine concentrations for 
establishing the maintenance dosage, 


the initial loading dose may be given 
and results of that test obtained dur- 
ing the ensuing six or eight hours. If 
renal function improves during ther- 
apy, readjustment of dosage may be 
desirable. 

2. Maintain proper hydration. 


3. Monitor renal status. Renal im- 
pairment may be indicated by the ap- 
pearance of urinary casts, proteinuria, 
oliguria, a rising BUN or serum creat- 
inine, or a decreasing creatinine 
clearance or urine/plasma creatinine 
ratio. 

4. If impaired renal function devel- 
ops or worsens during therapy, dis- 
continue use. 


Please turn page for prescribing information. 


Loridine I.M. (cephaloridine) 


Because of nephrotoxicity (e.g., tubular necrosis) of cephaloridine in 
dosages above 4 Gm. daily (see Warnings and Adverse Reactions), rec- 
ommended doses should not be exceeded. Renal status of the patient 
should be determined prior to initiation of therapy. Patients with known 
or suspected impairment of renal function should be under close clinical 
observation for changes in renal function or be hospitalized, and re- 
duced dosage should be employed. If impaired renal function develops 
during therapy, cephaloridine should be discontinued. 


Actions: Human Pharmacology—Peak blood levels of 7 and 14 mcg. 
per ml. respectively were obtained in one-half to one hour following 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephaloridine persisted for longer than twelve hours. 

Loridine is excreted unchanged largely by glomerular filtration. 
Doses of 250 and 500 mg. produced very high antibacterial concen- 
trations in the urine, in some instances approaching 1,000 mcg. 
per ml. 

Its nucleus and degradation products differ from those of peni- 
cillin. However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 

Microbiology—The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly to 
plasma protein. 

Loridine is active against the following organisms in vitro: 

Beta-hemolytic and other streptococci (many strains of entero- 
cocci, e.g., Streptococcus faecalis, are relatively resistant) 

Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephaloridine) 

Pneumococci 

Gonococci 

Hemophilus influenzae 

Escherichia coli and other coliform bacteria 

Klebsiella 

Proteus mirabilis 

Loridine is active against Treponema pallidum in animal studies. 

All tested strains of group A streptococci, pneumococci, and peni- 
cillin-G-susceptible staphylococci are susceptible to Loridine. However, 
some strains of penicillinase-producing staphylococci are resistant in 
vitro to concentrations of Loridine that can be achieved in the serum. 
The majority of strains of H. influenzae, Pr. mirabilis, Esch. coli, and 
Klebsiella are also susceptible in vitro. 

Pseudomonas organisms are resistant to Loridine, as are most 
indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
tions of the respiratory tract, genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the treat- 
ment of gonorrhea when penicillin is not considered the drug of choice. 

Appropriate culture and susceptibility studies should be per- 
formed. If the susceptibility tests show that the causative organism 
is resistant to Loridine, other appropriate antibiotic therapy should 
be instituted. 

Contraindications: Loridine is contraindicated in those persons who 
have shown hypersensitivity to it or other cephalosporins. 

Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION, THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS. INSTANCES OF PATIENTS WHO HAVE HAD SEVERE REACTIONS 
TO BOTH DRUGS, INCLUDING DEATH FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 

Impairment of renal function during treatment may be indicated 
by the appearance of casts in the urine, proteinuria, falling urinary 
output, a rising BUN or serum creatinine, or a decreasing creatinine 
clearance or urine/plasma creatinine ratio. 

Cephaloridine should be given cautiously when used with other 
antibiotics having nephrotoxic potential, e.g., gentamicin, kanamycin, 
polymyxin B, and colistin. 

The results of experimental studies in animals suggest that the 
concurrent use of potent diuretics, such as furosemide or ethacrynic 
acid, may increase the risk of renal toxicity. 

Usage in Pregnancy—Safety of this product for use during preg- 
nancy has not been established. 

Precautions: In the case of infections due to beta-hemolytic strep- 
tococci, antibiotic therapy should be continued for at least ten days. 

In the therapy of gonorrhea, patients in whom there is reason to 
suspect concomitant syphilis should have dark-field examinations of 
all suspect lesions before treatment and monthly serologic tests for 
a minimum of three months. 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy. 

Superinfections may develop with organisms not in the spectrum of 
Loridine, particularly Pseudomonas. These can be recognized by clinical 
observation and by means of appropriate cultures. If they occur, proper 
therapeutic measures should be taken. 


Since safety for use in premature infants and in infants under one 
month of age has not been established, administration of cephalori- 
dine to these patients is not recommended. 

A false-positive reaction for glucose in the urine may occur with 
Benedict's or Fehling’s solution or with Clinitest® tablets but not with 
Tes-Tape® (urine sugar analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity—Maculopapular and erythema- 
tous rashes, urticaria, and anaphylaxis have been reported. Drug 
fever and eosinophilia also have been noted. Hypersensitivity re- 
actions are more likely to occur in patients with a history of allergy, 
particularly to penicillin. 

Blood—Neutropenia and leukopenia have been reported. Some in- 
dividuals have developed positive direct Coombs tests during therapy. 

Liver—Transient elevations of transaminase and alkaline phos- 
phatase levels have been noted. The significance of these findings is 
uncertain. 

Renal—Severe, acute renal failure, in some cases terminating in 
death, has occurred in a small number of patients receiving Loridine. 
The possibility of this complication seems to be greater in seriously 
ill patients given more than recommended doses. Acute tubular 
necrosis has been noted in affected patients coming to autopsy. 

Local Reactions—Pain on |.M. injection of Loridine is rare, and 
phlebitis on I.V. injection occurs infrequently. 

Other—Nausea and vomiting have been reported. 


Administration and Dosage: Ampoules should be protected from light. 
Extemporaneous mixtures of Loridine with other antibiotics are not 
recommended. 

Loridine should be dissolved in either Sodium Chloride Injection 
or Sterile Water for Injection (see the package literature for dilution 
table). 

Intramuscular Injection—Loridine is usually injected into a large 
muscle mass, for example, the gluteal region or the lateral aspect 
of the thigh. 

The usual adult dosage for many infections of moderate severity 
is 500 mg. to 1 Gm. three times a day at equally spaced intervals. 
Milder and more susceptible infections have been treated with 250 
to 500 mg. given two or three times a day. More severe infections 
may be treated with 500 mg. to 1 Gm. four times a day. 

A single 2-Gm. dose is recommended for the treatment of acute 
gonorrhea. 

Early syphilis may be treated with 500 mg. to 1 Gm. daily for ten 
to fourteen days. 

Although some clinical experience with high doses for life-threat- 
ening conditions has been reported, it has been shown that excessive 
dosages (above 4 Gm. daily) may cause serious nephrotoxic reac- 
tions. For this reason, Keflin® (sodium cephalothin, Lilly) may be 
preferred when doses larger than 4 Gm. daily are considered for life- 
threatening situations. If more than 2 Gm. of cephaloridine is injec- 
ted daily, the patient should be under close clinical observation for 
changes in renal function or be hospitalized. In addition, reduced 
dosage should be employed in patients with known or suspected 
renal impairment (see the package literature). 

In children, a daily total of 30 to 50 mg. per Kg. (15 to 25 mg. per 
pound) of body weight, given in divided doses, has been found effec- 
tive for mild to moderately severe infections. A daily total of 100 
mg. per Kg. (50 mg. per pound) of body weight (not to exceed 
recommended adult doses) may be needed for very severe infec- 
tions. Since safety for use in premature infants and in infants under 
one month of age has not been established, the use of cephaloridine 
in these patients is not recommended. 

In both adults and children, failures have appeared to be related 
more closely to insusceptibility of the organism or poor general con- 
dition of the patient than to inadequate dosage. 

Intravenous Injection—In the presence of extremely serious infec- 
tions (such as bacteremia) or when any infection seems overwhelm- 
ing, intravenous administration may be indicated. 

Total daily dosages are the same as with intramuscular injection. 
For very susceptible organisms, 500 mg. to 1.5 Gm. per day may 
suffice; for less susceptible organisms and for serious infections, 2 
to 4 Gm. per day may be needed. 


How Supplied: Ampoules Loridine® (cephaloridine, Lilly), as follows: 

250 mg., 5-ml. size, rubber-stoppered, in packages of 50 (No. 771) 
accompanied by six 20-ml. ampoules of Bacteriostatic Sodium Chlo- 
ride Injection, U.S.P. 

500 mg., 5-ml. size, rubber-stoppered, in packages of 1 (No. 722); 
also available in packages of 50 (No. 772) accompanied by six 20-ml. 
ampoules of Bacteriostatic Sodium Chloride Injection, U.S.P. 

1 Gm., 10-ml. size, rubber-stoppered, in packages of 1 (No. 723); 
also available in packages of 25 (No. 773) accompanied by four 
20-ml. ampoules of Bacteriostatic Sodium Chloride Injection, U.S.P. 
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Diagnose this unusual case in gastroenterology 


This case is presented as a medical education service by William H. Rorer, Inc., and does not 
imply endorsement of any products. 


The problem: The patient is a 61-year-old male who, since 1957, has had 
recurrent severe gastrointestinal hemorrhages. 


The case: He was transferred to our service after two abdominal explora- 
tions had failed to reveal the cause of the bleeding episodes. In the eight 
months preceding admission the patient had received 22 transfusions. 
Bleeding was still active and he had mahogany-colored stools; however, 
he had not on any occasion vomited blood. His hemoglobin value was 
9.4 gm./100 ml. He brought with him a large group of radiologic studies of 
the gastrointestinal tract, all normal, and a set of recent arteriograms also 
interoreted elsewhere as normal. 


The only notable observation on physical examination was a 2 mm. bluish 
discolored lesion on the inner surface of the lower lip. Endoscopy revealed 
a normal esophagus and stomach, except for four or five reddish lesions 
varying in size from a pinhead to 2 mm. along the greater curvature of the 
antrum. A superior mesenteric and a celiac arteriogram were performed, 
and indicated arteriovenous malformations in the distal small bowel near 
the cecum. 


In this region there were enlarged ileocecal branches of the superior mes- 
enteric artery with an early filling vein. Several small branches of the left 
gastric artery also showed small angioma- 
tous prominences without intraluminal ex- 
travasation. On review of the previous 
angiogram done elsewhere, it was possible 
to identify these abnormalities in some- 
what less dramatic fashion. 


The patient was treated surgically by re- 
section of 13 cm. of ileum and 32 cm. of 
cecum. Microscopic examination of the 
selected tissue blocks demonstrated two 
telangiectases, one of which showed a 
small superficial ulceration. 


Your diagnosis, Doctor? 





On the following page, 
compare your diagnosis 
with that made by 

John R. Kelsey, Jr., M.D. 





Clinical Professor of Medicine, 
Baylor College of Medicine, 
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Discussion: Hereditary hemorrhagic telangiectasia (Rendu-Osler-Weber 
disease) is a vascular anomaly characterized by a triad of multiple telangi- 
ectases, recurrent hemorrhages, and a familial history of occurrence. It is 
a simple autosomal dominant, present equally in both sexes. About 15% 
of persons afflicted with this condition do have significant gastrointestinal 
hemorrhage; and before the introduction of improved fiberoptic endo- 
scopic instruments and the perfection of abdominal vascular angiography, 
the identification of the site of bleeding was difficult. In most cases it is 
likely that multiple sites are involved, so that recurrent hemorrhage after 
definitive resection may be anticipated. 


Conclusion: Hereditary hemorrhagic telangiectasia should be suspected 
in patients who have recurring gastrointestinal hemorrhage when there is 
no obvious explanation of cause or identification of site. The characteristic 
raised red lesions of the mucosa about the lips and nose may serve as atip 
to the proper diagnosis. Confirmation of the diagnosis resides in the newer 
endoscopic and angiographic techniques. 


This case is presented as a medical education service by William H. Rorer, Inc., and does not 
imply endorsement of any products. 


When duodenal ulcer is the problem, 
include Maalox’ in the regimen. 


Why do people develop duodenal ulcers? 


No one knows with certainty... yet. Competitiveness? Perhaps. Stress? Aggressiveness? 
All probably play their parts. 


But one thing is certain: in a disease characterized by a gastric-acid output that may be 
four times normal, antacid therapy is a vital adjunct to effective clinical management. 


That's where Maalox comes in. It's 
America’s number one antacid. And has 
been for years. The reasons? 


Maalox does precisely what an antacid, 
ideally, is intended to do. It works fast. 

It neutralizes effectively. It doesn't 
constipate. And its pleasant taste is well 
tolerated—definitely a major consideration 
in long-term therapy. 


In any ulcer regimen, as you Know, there 
are many factors to consider. But the 
inclusion of Maalox, as the antacid of 
choice, gives you and your patient one 
less thing to worry about. 
Maalox® Suspension (12 fl. oz. and 5 fl. oz. 
[plastic bottle]). 
Maalox® No. 1 Tablets (0.4 Gm.)— 
no sugar and low in sodium. 
Maalox® No. 2 Tablets (0.8 Gm.)— 
the “chew” tablet with double antacid action. 


® 
Maalox ® ine number one antacid 


(a balanced combination of magnesium and aluminum hydroxides) 





WILLIAM H. RORER, INC. 
= Fort Washington, Pa. 19034 


Pulmonary Embolism is a major problem in 
active patients suddenly confined to bed. 
T.E.D. Stockings help prevent thrombosis 
and subsequent pulmonary embolism by 
providing encircling graduated compres- 
sion. The construction and features in both 
the cotton and nylon styles, below knee and 
thigh length, are superior to any other anti- 
embolism stocking available. Let your 
Kendall salesman show you the differences 
and how you can immediately fit most 
patients with one of the available sizes. 
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He has reprints of articles on pulmonary 
embolism and an In-Service Program that 
shows the how and why of T.E.D. or write 
The Kendall Company, Hospital Products 
Division, 309 West Jackson Blvd., Chicago, 
IL 60606 for further information. 


Contraindications: In patients with open ulcers. severe 
arteriosclerosis and other ischemic vascular diseases, and 
massive leg edema with imminent pulmonary edema from 
congestive heart disease. Any signs of irritation or red- 
ness of the skin should be carefully noted. 

Caution: Federal law restricts this device to sale by or 
use on the order of a physician. 
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Theirs Absorbs, 
While this would not be done in actual 
practice, this little demonstration with 
the colored water shows what can 
happen with accidental massive fluid 
run-off on an ordinary laparotomy drape 
—and the protection given by the 
CURITY® drape with troughs. When run- 
off occurs, the gown is protected from 
contact with the fluid. 

The area around the fenestration is 
kept dry because run-off is not absorbed 
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Troughs’ Built In 
by a sponge-like material. In addition to 
maintaining a dry working site, the water- 
proof troughs prevent aspiration, cauteri- 
zation and other instruments from falling 
to the floor. Your Kendall salesman has 
trial samples of the CURITY® laparotomy 
drape with troughs or write The Kendall 
Company, Hospital Products Division, 
309 West Jackson Boulevard, Chicago, 


IL 60606. +Patents applied for. 
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Retroanastomotic Hernias after Gastrojejunal Anastomoses 


ETROANASTOMOTIC HERNIAS subsequent to gastroje- 
R junal anastomoses are rare but are associated with 
a 40 per cent mortality since they frequently are not 
recognized and treated promptly. These hernias can in- 
volve either the afferent or efferent loop and occur re- 
gardless of the type of anastomosis used or direction 
of the jejunal segment. They follow a simple gastro- 
enterostomy as well as a reconstruction after gastric 
resection. 

Over 200 cases have been reported, but many more 
must have occurred. The purpose of this article is to 
report ten new cases, emphasize the disease involved, 
the types of retroanastomotic hernias, the diagnosis, pre- 
vention, and treatment. 


Historical 


In 1897 Buddee reported a fatal outcome of a patient 
2 weeks after a simple gastroenterostomy done for pyloric 
cancer. He recommended that the retroanastomotic 
space be closed with omentum. In 1899, Steudel re- 
ported a similar fatal case. Then in 1900, Petersen added 
two new cases in which the patients died of internal 
hernias 6 days and 2 days after gastric resection or sim- 
ple gastroenterostomy.*® In none of these cases was the 
complication suspected or reoperation attempted. How- 
ever, Petersen realized the importance of these internal 
hernias and generally is given credit for describing this 
condition. He recommended closing all gaps and making 
the afferent loop as short as possible. 

All of the above hernias involved primarily the efferent 
loop. The first cases of afferent loop hernia were appar- 
ently reported by Kelling? in 1900 and by Weber*® in 
1901. 

In 1902, W. J. Mayo reported the first operative case 
in which the patient survived.?? His patient developed 
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a retroanastomotic hernia about 1 year after an anterior 
gastroenterostomy for pyloric ulcer. Mayo reduced the 
hernia, dismantled the anterior gastroenterostomy, and 
made a new posterior gastroenterostomy. This case is 
reported in his article on complications following gas- 
troenterostomy but he does not mention the value of 
closing these hernia spaces, nor did he close them in 
this patient. 

In 1904, Gray reported a successful reduction of a 
retroanastomotic hernia 7 days after a posterior gastro- 
enterostomy for a bleeding ulcer.'* He closed the hernial 
space with sutures and pointed out that these hernias 
could be prevented by obliterating this space at the 
original operation. 

Later in 1904, Barker? reported a successful case as did 
Gordon in 1907. Moschowitz2? reviewed the world’s 
seven reported cases in 1915, and subsequent reviews 
have been made by Himmelmann** in 1933: Stam- 
mers*’*4 in 1954; Morton, Alrich, and Hill®* in 1955: Hsu 
Chi-Ho!® in 1956; Bastable and Huddy* in 1960; and 
Markowitz?! in 1961. Numerous isolated cases have also 
been reported.!:2.5.9,24,29,35,37 Nearly all of these authors 
emphasize the importance of closing these retroanasto- 


motic openings at the time of the original gastric op- 
eration. 10.11,16,22,31 


Retroanastomotic Spaces 


After a gastroenterostomy potential traps are formed. 
The boundaries of these spaces have limited elasticity 
and are actual hernial rings. 

In an anterior gastroenterostomy one large space is 
formed (Fig. 1). It is bounded anteriorly by the afferent 
jejunal segment, the gastroenterostomy, and the gastric 
remnant; superiorly by the peritoneal reflections of the 
gastric remnant; posteriorly by the posterior parietal 
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Front 


Fic. 1. Retroanastomotic space after an anterior anastomosis. 


peritoneum, transverse colon, mesocolon, and omentum; 
and inferiorly by the ligament of Treitz. Although this is 
potentially one large space, adhesions may subdivide it. 
The most common variant is attachment of the transverse 
colon to the back wall of the stomach so that the trans- 
verse colon and mesocolon represent the roof of this 
space, making the ring smaller and less elastic. 

In a posterior gastroenterostomy two potential spaces 
are formed (Fig. 2). The more important lower one is 
bounded anteriorly by the afferent jejunal loop and 
gastric remnant; superiorly by the transverse mesocolon; 
posteriorly by the parietal peritoneum; and inferiorly 
by the ligament of Treitz. The less important upper space 
is bounded anteriorly and superiorly by the gastric rem- 
nant and its peritoneal attachments: posteriorly by the 
parietal peritoneum; and inferiorly by the transverse 
mesocolon. The actual importance of this upper space 
is questioned sirce no recorded instances of hernia 
through it have been discovered during this review. 


Types of Hernias 


Retroanastomotic hernias can involve either the af- 
ferent loop, efferent loop, or occasionally both. From 
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Front Lateral 
Fic. 2. Retroanastomotic spaces after a posterior anastomosis. 
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the reported cases, efferent loop hernias aré about three 
times as common as afferent ones. Afferent loop hernias 
now are occurring even less frequently because of the 
wide spread acceptance of a short afferent loop. 

Although they can occur after both anterior and pos- 
terior anastomoses, afferent loop hernias are much more 
likely to complicate an anterior anastomosis since the 
loop is necessarily longer and more able to slip back 
into the retroanastomotic trap (Fig. 3). Nearly all re- 
ported afferent loop hernias are from right to left and 
occur if the afferent limb is sutured to the lesser curva- 
ture on an anterior anastomosis. In most patients the 
ligament of Treitz is well to the left of the midline. If the 
afferent loop is then sutured to the lesser gastric curva- 
ture, the loop has to be longer, twisted 135 degrees, arid 
folded on itself. Markowitz? has pointed out that the 
surgeon not only has created a hernial ring but has 
placed a loop of intestine in it. If the ligament of Treitz 
happens to be in the midline, the afferent limb niay 
conveniently come to the lesser curvature. 

Efferent loop hernias, however, seem to occur equally 
after anterior or posterior anastomoses and are not 
influenced by the length of the afferent loop or whether 
it is sutured to the lesser or greater curvature (Fig, 4). 
From the reported cases no significant etiologic factor 
can be determined in relation to any of these variables. 
The efferent hernia usually starts with the jejunum just 
distal to the anastomosis and subsequently involves a 
large portion of the remaining small bowel. Rarely even 
a mobile cecum and ascending colon may herniate 
through the retroanastomotic gap: About 75 per cent of 
efferent hernias occur from right to left. Apparently this 
occurs because of the high position of the gastrojejunos- 
tomy in the left upper quadrant and the bulk of the small 
bowel on the right side of the abdomen making it me- 
chanically simpler to herniate from right to left. 

Occasional large efferent loop hernias will also ob- 
struct the afferent loop and patients may present with 
combined afferent and efferent loop obstruction. 

More rarely a retroanastomotic hernia may contain. ’ 


Fic. 3. Afferent loop 
hernia. 
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only omentum.** The herniated omentum would cause 
few symptoms or might produce further adhesions and 
obstruct either the afferent or efferent loop. 


Clinical Picture 


Approximately 50 per cent of retroanastomotic hernias 
occur within the first postoperative month, about another 
25 per cent during the first year after operation, and 
the remaining 25 per cent even later. Most are acute 
emergencies with complete obstruction of either the af- 
ferent or efferent loop. 

Patients with afferent loop hernias nearly always have 
constant epigastric or left upper quadrant pain. Vomiting 
is common but the vomitus rarely contains bile. Ex- 
amination frequently reveals a mass in the left upper 
quadrant but the abdomen is not distended unless peri- 
tonitis has developed. 

Patients with efferent loop hernias are more likely to 
have colicky generalized abdominal pain. The vomitus 
usually contains bile, Examination rarely reveals a mass, 
and the abdomen is likely to be distended and diffusely 
tender. 

Serum amylase levels and X-ray examinations are 
worthy of attention in patients with retroanastomotic 
hernias. The amylase levels may be markedly elevated 
in both afferent loop hernias and in efferent loop hernias 
causing an obstruction of the afferent loop.1*?° Hin- 
shaw'®?8 has shown that this elevation is primarily due 
to duodenal hypertension with resultant back pressure 
into the pancreatic ducts. An additional cause of the 
elevation is absorption of the pancreatic enzyme from 
the permeable peritoneal surfaces of any gangrenous 
bowel present. Assumption that this elevated amylase 
means uncomplicated acute pancreatitis can cause fatal 
delay. McGowan and Wills? studied 12 patients with 
markedly elevated amylase levels who had past histories 
of gastrectomies. The elevated amylase was caused by 
afferent loop obstruction in 11 of the 12. They emphasize 
that although a patient with a previous gastrectomy can 
have primary acute pancreatitis, an elevated amylase in 
such a patient is more likely to be due to an afferent 
loop obstruction requiring immediate operation. Mis- 
interpretation of the amylase elevation increases mark- 
edly the mortality of patients with retroanastomotic 
hernias. 

X-ray examinations are also important in these patients. 
In afferent loop hernia, plain films may show a distended 
stomach remnant and a soft tissue mass in the left upper 
quadrant. In efferent loop hernia, the plain films may be 
deceptively normal early but later will show a picture of 
mechanical small bowel obstruction. If the patient had 
a previous antecolic anastomosis, the cecum and right 
colon may be markedly distended suggesting a primary 


colon obstruction. If the diagnosis is uncertain, an upper 
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Fic. 4. Efferent 
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gastrointestinal series is essential. This will clearly de- 
fine the process and avoid further delay by showing pro- 
longed emptying of the gastric pouch and obstruction of 
the contrast medium in the upper jejunum. 

Patients with retroanastomotic hernias usually are 
emergencies, have a fulminant course, and require urgent 
operation. About 10 to 15 per cent have chronic inter- 
mittent partial obstruction and have symptoms for years 
before the internal hernia is corrected. 


Operative Management 


Operative management of retroanastomotic hernias 
must be considered as both prophylactic at the original 
operation and operative correction of an existing hernia. 
Prophylaxis 

The surgeon can prevent a retroanastomotic hernia but 
should be aware that this is only one of the complications 
of a gastrectomy. He should not construct a faulty anasto- 
mosis with too much tension or angulation merely to 
close a hernial space. Either a Billroth I reconstruction 
or pyloroplasty avoids this internal hernia, but if im- 
properly chosen, has its own complications. 

If the surgeon elects an anterior gastrojejunostomy, 
the omentum should be divided or removed to allow a 
shorter afferent loop. Usually the afferent loop is more 
comfortably sutured to the greater curvature of the 
stomach since it comes up straight from the ligament of 
Treitz without angulation or excess length, thus decreas- 
ing the chances of afferent loop herniation. The afferent 
loop should be sutured to the lesser curvature only in 
patients with a medially placed ligament of Treitz. 
Finally, the retroanastomotic space can be closed with 
sutures between the jejunal mesentery, the transverse 
mesocolon, and nearby epiploic appendices. Space must 
be left for the colon but the potential hernia spaces can 
be essentially eliminated. 

If the surgeon elects a posterior gastroenterostomy, the 
lower hernial space can be closed easily by suturing the 
mesentery of the afferent loop to the posterior parietal 
peritoneum as advocated by Cannon.’ If the ligament of 
Treitz and fourth portion of the duodenum are mobil- 
ized, the afferent loop can be made extremely short so 
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there is essentially no hernial space at all. Dunphy’? de- 
scribed a method of doing a “no loop” posterior anasto- 
mosis by mobilizing the ligament of Treitz and closing 
the mesocolic defect below the afferent loop. 

The upper posterior space can be closed by suturing 
the lesser curvature of the gastric remnant to the pos- 
terior parietal peritoneum. The necessity of doing this 
routinely is questioned since hernias through this space 
have not been described. 


Treatment of Existing Hernia 


Operative management of an existing retroanasto- 
motic hernia can be confusing. If possible the hernia 
should be carefully reduced and the trap closed to pre- 
vent a recurrence. Recalling that the vast majority of 
these hernias are from right to left may simplify the 
operative steps. Local perforations may be closed, but 
any gangrenous bowel must be removed, and appropri- 
ate anastomoses made. The duodenal stump should be 
carefully checked, especially in cases occurring soon 
after the original operation, and adequate drainage in- 
- stituted if any leakage has occurred. 

When an afferent loop hernia is reduced the long 
viable afferent loop may be shortened, anastomosed to 
the efferent loop, converted to a Henley type recon- 
struction or changed to a Roux Y or Roux 19 anastomosis 
to avoid recurrences.’® In critical patients with a viable 
afferent loop hernia that cannot be easily reduced, an 
anastomosis to the efferent limb may be enough to de- 
compress the afferent loop and avoid further trouble. 

When an efferent loop hernia is reduced, damage to 
the intestine is less likely if the bowel is pushed, not 
pulled, through the hernial ring. Detorsion of an associ- 
ated volvulus or decompression of the distended bowel 
may be necessary to accomplish reduction. Resection of 
small bowel and even the gastrojejunostomy is often indi- 
cated. Occasionally in patients with an antecolic anasto- 
moses, the right colon will be massively distended and 
a cecostomy is needed. 


Case Reports 


Records of ten previously unreported retroanastomotic 
hernias have been collected that illustrate most of the 
important features just emphasized. One case is an af- 
ferent hernia and the remaining nine are efferent hernias. 

The afferent hernia occurred from right to left after an 
anterior anastomosis with a long afferent limb sutured to 
the lesser gastric curvature. The efferent hernias occurred 
after both anterior and posterior anastomoses regardless 
of the direction of the jejunal limb. Two were after 
simple posterior gastroenterostomies and the remaining 
seven were after gastric resection. All but one were from 
right to left. One patient had chronic intermittent small 
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bowel obstruction some 20 years after the original pos- 
terior gastroenterostomy. All others were fulminating 
emergencies developing from 4 days to 11 years after 
the original operation. Four occurred in the first month. 

The amylase levels were markedly elevated in four 
patients. One was in the patient with the afferent loop 
hernia, but the other three were in patients with large 
efferent hernias simultaneously obstructing the afferent 
loop. None had necrotic bowel so the presumed mech- 
anism of the amylase elevation was duodenal hyperten- 
sion. 

Plain abdominal X-rays were frequently confusing. 
Some were normal while others showed marked disten- 
tion of the stomach, small bowel, and right colon. Con- 
trast studies were of considerable value in establishing 
the diagnosis and need for prompt operation in five of 
the ten patients. 

Four patients required bowel resections usually in- 
cluding a revision of the gastroenterostomy. Several 
others had small perforations closed. The retroanasto- 
motic spaces were closed in each case. 

Three of these ten patients died. One died without 
operation, 11 years after the original operation. The 
other two deaths were in patients who developed hernias 
early during the same hospital admission for the original 
operation. The mortality in this situation while the pa- 
tient is still hospitalized has been especially high since 
the evaluation of such a patient is difficult. 


Case 1. A 39-year-old woman had a gastrectomy and vagotomy 
in October, 1962, with an anterior anastomosis with the afferent 
jejunal limb to the lesser gastric curvature. In July, 1963, she had 
abdominal pain and vomiting. Amylase was 550 Somogyi units 
(normal up to 200 units) and gastrointestinal X-rays showed a 
distended afferent Joop. At operation the patient had herniation of 
a long afferent limb from right to left. The hernia was reduced 
and reconstruction was with an isoperistaltic jejunal segment of 
the Henley type. She has done well since. 

Case 2, A 61-year-old man had a simple posterior gastro- 
enterostomy for duodenal ulcer in 1947. He developed intermittent 
symptoms of partial small bowel obstruction. Barium X-rays con- 
firmed the partial obstruction and he entered electively for opera- 
tion in October 1967. He had a retroanastomotic hernia from right 
to left, involving about 4 feet of jejunum. The hernia was reduced, 
the posterior gastroenterostomy dismantled and converted to a 
pyloroplasty and vagotomy. He has done well. 

Case 3. A 58-year-old woman had a gastrectomy on August 21, 
1959, with an anterior gastrojejunostomy with the afferent limb 
on the greater curvature for a prepyloric ulcer. Beginning 6 days 
after operation she developed progressive distention and deteriora- 
tion, Amylase determination was not done. She was re-explored 
on August 30, 1959, and had an efferent hernia of ileum passing 
from right to left. This bowel had then twisted and also obstructed 
the gastroenterostomy and afferent loop, much of which was 
necrotic. The hernia was reduced and 28 cm. of necrotic ileum 
was resected. The gangrenous gastrojejunostomy, afferent loop, 
and duodenum were resected, except for a small cuff of normal 
duodenum around the ampulla. Healthy efferent jejunum was ad- 
vanced under the mesenteric vessels and anastomosed to this 


cuffed ampulla and a new gastroenterostomy was made distal to 
this. After a difficult time the patient survived and has done well. 

Case 4. A 43-year-old man had a gastrectomy and vagotomy 
for duodenal ulcer on November 17, 1965, with an anterior an- 
astomosis with the afferent limb to the greater curvature. He 
responded well until February 7, 1966, when he was admitted 
critically ill after several days of pain and vomiting. Amylase was 
850 Somogyi units and a plain X-ray showed marked distention 
of the stomach and small bowel (Fig. 5). Immediate operation 
revealed a large retroanastomotic hernia from right to left involving 
nearly all of the small bowel. The bowel was decompressed, the 
hernia reduced, and the trap was closed. Several small perforations 
were sutured but no bowel was resected. The patient has re- 
sponded well since. 

Case 5. A 72-year-old man had a gastrectomy and vagotomy 
for ulcer disease on February 1, 1967, with an anterior anastomosis 
with the afferent limb to the greater curvature. He responded 
well until about February 16 when he developed intermittent dis- 
tention but no vomiting. Amylase level was only 133 Somogyi 
units. A plain abdominal film showed marked distention of the 
small bowel and right colon (Fig. 6). He began to deteriorate and 
was re-explored on February 20, 1967. He had a large retro- 
anastomotic efferent hernia from right to left with volvulus of the 
small bowel and necrosis of the gastrojejunostomy and afferent 
and efferent limbs. The hernia was reduced and the gangrenous 
bowel was resected requiring jejunojejunostomy and a new gastro- 
jejunostomy. A cecostomy was needed to decompress the right 
colon and a double tube jejunostomy was performed. The patient 
eventually died of peritonitis. 
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Fic. 5. Plain abdominal X-ray of Case 4 (see text). 
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Fic. 6. Plain abdominal X-ray of Case 5 (see text). 


Case 6. A 45-year-old man had an antrectomy and vagotomy 
with an anterior anastomosis with the afferent loop to the greater 
curvature for a perforated duodenal ulcer on February 8, 1965. 
He had a cholecystectomy in 1966. He responded well until 
August 2, 1969, when he was admitted because of sudden upper 
abdominal cramping pain but no vomiting. Amylase level was 800 
Somogyi units and a plain abdominal film was normal. The next 
morning he was worse and a barium X-ray showed a gastric ob- 
struction (Fig. 7). At operation he had a large efferent type 
retroanastomotic hernia from left to right. The hernia was reduced 
and the trap was closed. One small perforation in the afferent loop 
was repaired but no bowel was resected. The patient remains well 





Fic. 7. X-rays of Case 6 (see text). 
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Fic. 8. X-rays of Case 7 (see text). 


Case 7. A 41-year-old woman had a gastrectomy and vagotomy 
with a posterior anastomosis with the afferent limb on the lesser 
curvature for a duodenal ulcer on October 1, 1969. She responded 
well but had to be re-admitted on October 17, 1969, because of 
abdominal pain and vomiting. Plain abdominal films were normal 
and an amylase level was 90 Somogyi units. She did not improve 
and upper gastrointestinal X-rays showed obstruction in the effer- 
ent loop (Fig. 8). Operation on October 20, showed a small ef- 
ferent retroanastomotic hernia of two jejunal loops from right to 
left. The hernia was reduced, the retroanastomotic space was 
closed, and the patient recovered. 

Case 8. A 55-year-old man had a gastrectomy with a posterior 
anastomosis with the afferent loop to the lesser curvature for 
duodenal ulcer in 1963. He was admitted because of several days 
of upper abdominal pain with vomiting on December 7, 1969. 
Amylase level on December 8 was 580 Somogyi units and a 
gastrograffin study showed a complete gastric obstruction with a 
mass posterolateral to the gastroenterostomy. Operation that day 
revealed an efferent retroanastomotic hernia from right to left 
with about 2 feet of necrotic jejunum involving the gastroenteros- 
tomy and some of the afferent loop. The hernia was reduced, the 
gangrenous bowel was resected, and a new jejunojejunostomy and 
anterior gastroenterostomy were made. The patient has done well. 

Case 9. A 74-year-old woman had a simple posterior gastro- 
enterostomy for duodenal ulcer in 1959. She was admitted on 
June 1, 1970, because of 1 or 2 days of severe abdominal pain 
with vomiting. Amylase level was 201 Somogyi units. The patient 
became critical and died several hours after admission. Autopsy 
revealed a massive efferent retroanastomotic hernia from right to 
left. Essentially all of the small bowel was gangrenous. 

Case 10. A 53-year-old man had a gastrectomy with an anterior 
anastomosis with the afferent loop to the greater curvature for 
duodenal ulcer on October 18, 1971. About 3 days later he became 
distended and amylase level was 187 Somogyi units. He de- 
teriorated and on October 23, 1971, he was re-explored. He had 
an efferent retroanastomotic hernia from right to left with leakage 
from the gastrojejunostomy. The hernia was reduced, the gastro- 
enterostomy was dismantled, and a new posterior gastroenterostomy 
was made. The patient had a difficult course and eventually died. 


Summary 


Retroanastomotic hernias are a rare but serious com- 
plication of gastrojejunal anastomoses. They can occur 
after either an anterior or posterior anastomosis and can 
involve either the afferent or efferent loop. Most of the 
hernias occur from right to left. 
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The clinical picture may be either an afferent loop 
obstruction or an efferent loop mechanical small bowel 
obstruction. Most patients have a complete obstruction 
and are critically ill, but some patients will have only 
chronic intermittent symptoms. Normal abdominal 
X-rays and elevated serum amylase values may be mis- 
leading but the diagnosis can be established by gastro- 
intestinal X-rays demonstrating the obstruction. 

These hernias can be prevented at the original opera- 
tion by closing the retroanastomotic spaces, keeping the 
afferent loop short, and by mobilizing the ligament of 
Treitz to essentially eliminate the space if a posterior 
anastomosis is used. When operating for an established 
hernia, the hernia should be reduced, the trap closed, 
and any gangrenous bowel resected. 

Ten previously unreported cases are presented that 
demonstrate most of the important clinical features. 
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Gynecol. Obstet., 110:108, 1960]. 

I stumbled upon a method of niobilizing the afferent loop and 
leaving it entirely within the retropetitonedl spate without pulling 
the stomach through the mesocolon. This is the real essence of 
it. The loop tiust go from the fourth portion of the duodenum 
directly to the stomach, and then the efferent loop is simply 


' sutured, to the hole in the mesocolon, so if you pick up the 


mesocolon after this type of gastric resection, you do not recognize 
that there arë two loops at all. You have reconstructed a new 
ligament of Treitz. l 

The method takes a few minutes longer, but it avoids the dis- 
advantages of both the standard anterior or posterior anastomosis. 


Dr. C. Bruce Morton, II (Charlottesville): Dr. Rutledge has 
covered this matter so fully that the content of the paper needs 
very little discussion. I appreciate his reference to a report that 
was made to this Association in 1954, when Meredith Alrich and 
one of our residents, Dr. Hill, arid I reported on a small number 
of these patients. 

I particularly wish to call attention to the fact that in these 
acute cases the primary condition that we are dealing with is, 
basically, obstruction—intestinal obstruction—and that is a highly 
fatal disease! It is one which brooks no delay; the word: Pro- 
aa Procrastination is certainly far from safe in this con- 

ition. 
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A number of years ago my professor of obstetrics proposed pro- 
crastination—waiting on a woman in labor. His statement was: 
Seat yourself on a split-bottom chair, and wait, wait, wait! But 
that is not a ptinciols that is accompanied by safety in this in- 
stance. I have seen many patients with intestinal obstruction whose 
life has been sacrificed to waiting; to procrastination. 

Of course, in a patient with chronic obstruction, chronic symp- 
toms, recurrent episodes, the situation is not that bad. It does not 
require anything definitive very promptly; not so in these ae 
who are acute. In Dr. Rutledge’s paper, attention was called to _ 
the fact that at least two of these occurred at the same hospitali- 
zation as the definitive gastric surgery. . | 
_ The patient who has signs even suggestive of obstruction should 
be suspected very strongly of having obstruction, even though 
there may not be confirmatory evidence by X-ray or by amylase 
determinations. Those are procedures which tend to lead us to 
procrastination. My message, if there is any, is to deal with these 
patients promptly, and to deal with them as you would witk any 
patient with intestinal obstruction. 


Dr. Ross H. Rurtepce (Closing): Drs. Dunphy and Morton 
are kind to comment on this paper and their remarks have added 
greatly to my presentation. Thank you both very much. Obvicusly, 
one other way to avoid this complication is to choose a pyloro- 
plasty or Billroth 1 reconstruction. However, these procedures, if 
improperly chosen, have their own set of problems which are not 
too desirable either. 

I should admit that three of these ten patients are my own 
complications. Further, I did the second operation on another 
two, so actually I have had personal experience with five of these 
hernias. As you can imagine this has influenced me considerably. 
My present choice is to mobilize the ligament of Treitz and the 
fourth portion of the duodenim, make a very short posterior 
anastomosis, and then use several stitches to close any small retro- 
anastomotic space that remains. 


Effect of Hiatus Hernia Repair and Truncal Vagotomy on 
Human Lower Esophageal Sphincter Pressures 


D UODENAL ULCER is frequently associated with peptic 
esophagitis or stricture in patients with sympto- 
matic hiatus hernia. More than 35 per cent of the pa- 
tients undergoing hiatus hernia repair at the University 
of Florida and its associated Veterans Administration 
Hospitals have had concomitant gastric acid hypersecre- 
tion or active duodenal ulcer.” Gastric acid secretion 
has also been shown to correlate with the size of the 
hernia and with the presence or absence of symptoms.® 
Consequently, a decision of whether or not to combine 
an acid-reducing procedure with hiatus hernia repair 
must often be made. 

Several reports have previously suggested that truncal 
vagotomy significantly decreases lower esophageal 
sphincter (LES) competence. 7,11,14.21 Tf this is true, only 
those patients with incapacitating duodenal ulcer disease 
should have adjunctive vagotomy. On the other hand, if 
truncal vagotomy does not significantly affect LES com- 
petence following hiatus hernia repair, the indications 
for vagotomy may be extended to those patients with 
less severe ulcer disease who might also benefit from an 
acid-reducing procedure. 

The purpose of this study is to evaluate the effect of 
hiatus hernia repair and truncal vagotomy on the compe- 
terice of the human lower esophageal sphincter. 


Method 


Patients: A total of 16 patients, ten men and six women, 
with radiologically documented sliding hiatus hernias 
had esophageal manometric studies before and after 
hiatus hernia repair. The age distribution ranged from 
35 to 69, with a mean age of 55.2 for men and 61.2 for 
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women. Eight patients, six men and two women, had 
strong histories of either past or currently active duo- 
denal ulcer disease. Of these,.two had previously under- 
gone successful vagotomy and pyloroplasty for treatment 
of well-documented duodenal ulcer and the remaining 
six had hypersecretion on preoperative gastric analysis. 

Diagnostic Evaluation: Manomeétric studies were per- 
formed after the manner of Code and associates’ utiliz- 
ing three polyethylene catheters with lateral openings 5 
cm. apart. The proximal two catheters were intermit- 
tently perfused with water, and the single distal catheter 
tip was covered by a 5 mm. latex balloon of low compli- 
ance. The catheters were attached to external strain 
gauge transducers. Pressures, as well as respirations and 
swallows, were recorded on a multichannel Honeywell 
recorder. The resting pressure of the gastroesophageal 
junction was recorded sequentially from the three. tips 
during continuous withdrawal of the catheter unit from 
the stomach into the esophagus: The catheters were re- 
positioned and then intermittently withdrawn with 
swallows at 1 cm. intervals to provide a motility profile 
of the LES and esophagus during deglutition. 

Following completion of resting and deglutition mano- 
metric studies, 200 ec. 0.1 N HCl was instilled intra- 
gastrically. A long pH probe was advanced distally to 
detect free and induced esophageal reflux as previously 
described by McAlhany and associates. A total of 14 
patients had technically satisfactory pH-reflux studies 
both pre- and postoperatively. 

Preoperative manometric studies and pH-reflux tests 
were performed shortly prior to hiatus hernia repair; 
they were repeated from 1.5 to 18 months (mean 6.5 
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Fic. 1. Distribution of 
end-expiratory pressures 
from es lower esopha- 
geal sphincter before and 
after hiatus hernia repair. 
Solid circles represent 
preoperative and open 
circles represent post- 
operative measurements. 
Mean pressures at each 
interval are indicated by 
a horizontal line. 
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months) postoperatively. Resting mean end-expiratory 
and mean end-inspiratory pressures were determined at 
specific intervals by averaging the pressures from the 
two intermittently perfused catheters. Three mean pres- 
sures were measured at 1] cm. intervals on either side 
of the point of inverting pressure (PIP) except for the 
initial measurement which was 0.5 cm. on either side of 
the PIP (Fig. 1). The PIP was defined as the point in 
which positive intra-abdominal pressure deflections dur- 
ing inspiration became negative as the catheter was with- 
drawn into the thoracic esophagus. Several tracings re- 
vealed double respiratory reversal of pressures; the most 
proximal inversion point was considered the reference 
from which the intervals were determined. Comparison 
of preoperative and postoperative tracings was performed 
with the Student ¢ test using formulas for unknown vari- 
ances not assumed to be equal.?? 

Surgical Procedures: All 16 patients underwent opera- 
tive. repair of the hiatus hernias: 11 had transabdominal 
posterior gastropexy as described by Hill,” four had 
Nissen fundoplication” and one had transabdominal Al- 
lison-type' crural repair. When the patients were dis- 
charged from the hospital they had been eating normal 
diets. Six patients were treated by transabdominal truncal 
vagotomy and pyloroplasty in addition to hiatus hernia 


TABLE 1. 


Mean End-expiratory Pressures 


(Cm H:0) + SEM —2.5 1.5 
Preoperative | 2.024 0.46 3.59 + 0.64 
Postoperative 5.08 + 0.75 9.63 + 1.37 
p value <0.002 <0.001 


SEM is standard error of mean. 
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repair; an additional two patients had previously under- 
gone truncal vagotomy and pyloroplasty. 


Results 


1) Comparison of LES Pressures before and cfter 
Hiatus Hernia Repair, Resting manometric studies of the 
gastroesophageal junction demonstrated a zone of ele- 
vated pressure, most of which lay below the PIP (Fig. 
1). Following hiatus hernia repair, the mean end-expira- 
tory pressure was significantly increased (p < 0.005) 
from 2.5 cm. below the PIP to 0.5 cm. above the PIP 
(Table 1). Above 0.5 cm. from the PIP, intrathoracic 
pressure predominated and there was no longer a sig- 
nificant difference in LES pressure (p > 0.1). The maxi- 
mum end-expiratory. pressure, which constitutes the bar- 
rier to gastroesophageal reflux, more than doubled “rom 
8.19 + 1.64 to 16.98 + 1.74 cm. of H2O (Table 1). This 
represents a highly significant increase (p:< 0.001). 

Comparison of the four patients with Nissen and the 
11 with Hill repairs of hiatus hernia revealed that mean 
end-expiratory pressures were slightly higher following 
Nissen repair than following Hill repair; however, this 
apparent increase was not statistically significant. 

2) Comparison of Patients with Transabdominal Trun- 
cal Vagotomy and Those without Vagotomy after Hiatus 


en of Mean End-expiratory Pressures in the Lower Exophageal Sphincter (LES) saom: and after Hiatus Hernia Repair. 


Distance (in cm) from PIP 


—0.5 +0,5 +1.5 +2.5 
7.58 1.58 8.194 1.64 1.641.385 —2.31 + 1.27 
15.13 + 1.87 16.98 + 1.74 5.08 +1.93 -0.70+ 1.53 

<0.005 <0.001 >0.1 >0.1 
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Hernia Repair, Comparison of the eight patients with 
vagotomy and the eight patients without vagotomy is 
summarized in Figure 2. Both the vagotomy and 
non-vagotomy groups had similar preoperative mean end- 
expiratory LES pressures. Following hiatus hernia re- 
pair, the vagotomy group had mean end-expiratory pres- 
sures which were slightly lower than the non-vagotomy 
group. The greatest postoperative pressure difference be- 
tween the vagotomy and non-vagotomy groups occurred 
0.5 cm. above the PIP. At this level, the mean end-expira- 
tory pressure in the vagotomy group was 14.75 = 2.73 
cm. of H:O, in contrast to the nonvagotomy group, which 
was 19.21 + 2.04 cm. of H:O. The difference in pressure 
at this interval, as well as at the other intervals, was not 
statistically significant (p > 0.2). 

Examination of manometric pressures during degluti- 
tion revealed that three of the eight patients in the 
vagotomy group had evidence of poor sphincter relaxa- 
tion preoperatively. Following hiatus hernia repair and 
adjunctive vagotomy all eight patients with vagotomy 
had evidence of good receptive relaxation followed by 
sustained contraction, typical of an innervated LES. 

3) Comparison of pH-Reflux Studies before and after 
Hiatus Hernia Repair. A total of 14 patients had testing 
for free and induced reflux by the intraesophageal pH 
probe technic. Preoperatively, 12 tests were positive and 
two were negative. Following hiatus hernia repair all 
but two of the positive tests became negative, although 
the test in one additional patient was equivocal. 

The two patients with clearly positive reflux tests post- 
operatively had free reflux high into the esophagus. Both 
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had decreased LES pressures postoperatively on resting 
manometric studies. However, neither has had symptoms 
of reflux and neither shows evidence of recurrent hernia- 
tion on upper gastrointestinal tract X-rays, 


Discussion 


The normal lower esophageal sphincter (LES) is 
generally believed to be the major barrier to gastro- 
esophageal reflux.®-18?3 Manometric assessment of LES 
competence has revealed that most patients with sympto- 
matic hiatus hernia have significantly lower LES pres- 
sures than normal individuals.11.19.24 

This study demonstrates that mean end-expiratory LES 
pressure is substantially increased by both the Hill and 
Nissen types of hiatus hernia repair. Similar increases in 
resting LES pressure have been reported following repairs 
by Belsey, modified Belsey, and Nissen technics.1%19.21 

Transabdominal trunzal vagotomy, when added to 
hiatus hernia repair, did not significantly reduce the 
mean end-expiratory LES pressure. This is in agreement 
with previous manometric studies that have not demon- 
strated a significant change in resting LES pressure in 
patients undergoing truncal vagotomy for duodenal 
ulcer.?:&17 

Lind and associates? noted no change in LES pressure 
following creation of hiatus hernias in dogs. However, 
when they divided the vagus nerves at the level of the 
displaced esophagogastric junction, a significant reduc- 
tion in resting LES pressure was observed. Following 
replacement of the sphincter into the abdomen by crural 
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Fic. 2. Mean end-expira- 
tory pressures before 
(hatched bars) and after 
(open bars) hiatus hernia 
repair.’ Comparison of 
eight patients without 
vagotomy (on left) with 
eight patients with vagot- 
omy (on right) revealed 
no statistically significant 
difference, although post- 
operative pressures in the 
vagotomy group are 
slightly lower than the 


non-vagotomy group. 
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Fic. 3. Correlation of the 
average of all preopera- 
tive lower esophageal 
pressures (abscissa) with 
the average of all post- 
operative pressures (ordi- 
nate) in individual 
patients. The pressure in- 
crease following hiatus 
hernia repair tends to in- 
crease linearly as the pre- 
operative pressure in- 
creases, Two patients 
(circled) did not have a 
postoperative increase in 
LES pressure and both 
had positive reflux on 
postoperative pH tests. 
The line of least squares 
was computed excluding 
these two patients. 
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repair, LES pressure was not significantly increased. This 
suggests vagal innervation is necessary for the LES pres- 
sure increase following hiatus hernia repair, and conse- 
quently differs from the present study. Since significant 
differences between dog and man may exist in regard to 
efferent (motor) innervation of the LES, vagotomy at 
the esophagogastric junction in dogs may interrupt more 
efferent fibers to the sphincter than resection at an 
equivalent level in man. Furthermore, the degree of 
LES dysfunction following vagotomy appears more pro- 
nounced in dog than in man. Transthoracic subhilar 
vagotomy in the dog uniformly produces severe dys- 
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phagia with frequent regurgitation and weight loss, as 
well as esophageal dilatation and retention. By con- 
trast, dysphagia following transthoracic vagotomy in man 
is less frequent, and when it does occur, it is usually 
mild and transitory. 

By averaging the end-expiratory LES pressures from 
each interval, preoperative pressures could be correlated 
with postoperative pressures in each patient. As seen in 
Figure 3, patients: with lower preoperative pressures 
generally had lower postoperative pressures, whereas pa- 
tients with higher preoperative pressures had generally 
higher postoperative pressures. The increase in sphincter 
pressure following hiatus hernia repair tended to in- 
crease in a linear fashion. 

It is also evident from Figure 3 that two of the 16 
patients failed to show a postoperative increase in LES 
pressure. Both of these patients had spontaneous free 
reflux on pH-reflux studies. One patient had undergone 
hiatus hernia repair and adjunctive vagotomy and py- 
loroplasty elsewhere 4 years prior to being seen in our 
clinic. He presented with episodic aphagia from a mini- 
mally constricting, but firm, distal esophageal stricture 
that required dilatation before Hill repair of recurrent 
hiatus hernia. The other patient presented with duodenal 
ulcer symptoms and severe dysphagia associated with a 
sliding hiatus hernia, columnar epithelium-lined lower 
esophagus, and deep ulceration at the squamocolumnar 
junction typical of Barrett’s esophagus. He underwent 
Hill repair and adjunctive vagotomy and pyloroplasty 
and required several esophageal dilatations in the early 
postoperative period in order to prevent formation of 
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Fic. 4. Mean end-expira- 
tory pressures before 
(hatched bars) and after 
(open bars) hiatus hernia 
repair following removal 
of the two treatment 
failures. Both pre- and 
postoperative pressures 
are markedly similar be- 
tween the non-vagotomy 
group (on left) and the 
vagotomy group (on 
right). 
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stenosing scar. Although both of these patients had in- 
tense fibroplasia in the region of the LES, they also had 
evidence of good receptive relaxation followed by sus- 
tained contraction typical of an innervated sphincter 
on deglutition studies. This suggests that hypocontrac- 
tility of the LES in these two patients may have resulted 
from fibroplasia and scar formation rather than from 
vagal denervation. 

If failure of LES pressure to increase following hiatus 
hernia repair was a consequence of fibrosis rather than 
vagotomy in these two patients, comparison of the re- 
maining six patients in the vagotomy group with the 
non-vagotomy group would be valid. By such a compari- 
son, summarized in Figure 4, the vagotomy group has 
preoperative, as well as postoperative, mean end- 
expiratory pressures which are remarkably similar to 
the non-vagotomy group. Maximum mean end-expiratory 
pressure significantly increased from 6.63 + 2.11 to 
18.19 + 2.63 cm. of H:O in the vagotomy group and 
from 7.81 + 1.37 to 19.21 + 2.04 cm. of H:O in the 
non-vagotomy group. Thus the net increase was virtually 
identical—11.56 cm. of H:O in the vagotomized patients 
and 11.40 cm. of H2O in the non-vagotomized patients. 
It must be emphasized, however, the conclusion that 
vagotomy does not significantly decrease LES pressure 
following hiatal hernia repair has been derived from 
data that includes these two treatment failures. 

All pressures used in this study were determined from 
intermittently periused catheters. Since Winans and 
Harris** have suggested that constant perfusion permits 
a more accurate assessment of sphincter strength, a 
comparison between intermittent and constant infusion 
technics was performed in three patients both before 
and after hiatus hernia repair, and in nine patients after 
hiatus hernia repair. This revealed proportionately simi- 
lar results between the constant and intermittent per- 
fusion technics, although pressures were consistently 
higher with constant perfusion. 

If adverse effects on LES competence are to be mini- 
mized in patients undergoing acid-reducing procedures, 
intra-abdominal truncal vagotomy with gastric drainage 
is preferable to either vagotomy and antrectomy or sub- 
total gastrectomy. Any resection involving removal of 
the antrum reduces the level of circulating gastrin, and 
gastrin has been shown to be an important determinant 
of LES strength.*5 An increased incidence of gastro- 
esophageal reflux following partial gastrectomy has been 
documented by Windsor and manometric measure- 
ments have revealed a significant reduction in .LES 
pressure following partial gastrectomy.® 

Summary : 

Competence of the lower esophageal sphincter (LES) 

has been assessed by manometric and pH-reflux testing 
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in 16 patients before and after anti-reflux type hiatus 
hernia repairs. Eight of these patients additionally 
underwent vagotomy and pyloroplasty for treatment 
of associated duodenal ulcer. | 

Following hiatus hernia repair, mean end-expiratory 
LES pressure increased significantly to normal levels. 
Transabdominal truncal vagotomy did not significantly 
reduce the magnitude of the LES pressure increase 
following hiatus hernia repair. 

Correlation of preoperative and postoperative LES 
pressures revealed that low preoperative pressures were 
generally associated with low postoperative pressures 
and, conversely, high preoperative pressures were gen- 
erally associated with high postoperative pressures. Two 
of the 16 patients failed to increase pressure following 
hiatus hernia repair; both had positive pH-reflux tests. 

The fact that intra-abdominal truncal vagotomy has 
no significant effect on resting LES pressure does not 
mean that vagal denervation might not have other im- 
portant effects on sphincter motility or function. Accord- 
ingly, we believe truncal vagotomy should be combined 
with repair of symptomatic hiatus hernia only if con- 
current duodenal ulcer or documented gastric acid hyper- 
secretion is present. 
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has done a study of the effects of vagotomy on the lower esopha- 
geal sphincter in patients with esophagitis, so that he has neces- 
sarily studied vagotomy along with either a Nissen fundoplication 
or a Hill pen gastropexy. I would like to ask if he has any 
data which separate those two, that is, the effects of vagotomy 
from those of either disease or operation. 

We have done a study of the effects of truncal versus selective 
versus parietal cell vagotomy in patients without esophageal dis- 
ease, and in those cases we do find that truncal vagotomy, which 
necessarily denervates the lower esophagus, also lowers lower 
esophageal sphincter resting pressure. Unfortunately, to date we 
do not have enough patients to make this decrease statistically sig- 
nificant, but it does correspond with the same results which have 
been reported in dogs. 
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Dr. Epwarp R. Woopwarp [Closing discussion of Paper No. 
6]: In anwer to Dr. Bombeck’s question, we have studied lower 
esophageal sphincter function in the resting state before and after 
vagotomy and pyloroplasty for duodenal ulcer, and have found 
no change. 

For 25 years we have been interested in postvagotomy patients 
who leave the hospital asymptomatic, and come back at the first 
clinic visit complaining of dysphagia. Although this is infre- 
quent we have wondered if this is iatrogenic achalasia from in- 
jury to the vagus in the region of the lower esophageal sphincter. 
We have recently had the opportunity to study such a patient, 
and we have found that the lower esophageal sphincter resting 
pressure profile is normal. The sphincter relaxes and contracts 
normally during and following deglutition. So we still have no 
explanation for this phenomenon. 

I could not agree more with Dr. Nyhus about the value oz 
fiberoptic endoscopy and the reliable objective diagnosis of reflux 
esophagitis, both acid-peptic and alkaline. I would quarrel with 
him about the gas-bloat syndrome. In my travels around the coun- 
try, interviews with patients who have had Nissen fundoplication 
done by many surgeons, indicate that 20% of them have it. 


Gastroesophageal Reflux: 
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T Is NoW a well-established fact that the reflux of gas- 
I tric and duodenal contents across the gastroesopha- 
geal junction may lead to irritation of the esophageal 
mucosa and can result in varying degrees of esophagitis. 


Symptoms commonly described by patients with this dis- 


ease entity are heartburn, regurgitation, water brash, 
dysphagia, and substernal pressure. In a previous publica- 
tion from this laboratory,! it was reported that, on the 
basis of symptoms alone, it is impossible to distinguish 
those patients who have esophagitis alone, esophagitis 
plus spasm, or primary esophageal spasm alone. Since the 
appropriate mode of therapy depends entirely upon the 
accurate diagnosis of the specific components of these 
disease entities of the esophagus, a knowledge of the re- 
liability of the specific diagnostic methods commonly 
available is imperative. Esophagoscopy with biopsy is 
generally acknowledged to be the most reliable modality 
available to establish the diagnosis of esophagitis sec- 
ondary to gastroesophageal reflux. It is also a well estab- 
lished principle that esophagitis in the absence of gastro- 
esophageal reflux is almost unknown. Using this method 
as the standard, this paper reports the results of a com- 
parative evaluation of the accuracies of cine radiography, 
esophageal acid clearing measurements, the acid per- 
fusion test and esophageal pH measurements, in the 
diagnosis of reflux esophagitis. 
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Materials and Methods 


The patients utilized for this study were those re- 
ferred to the Surgical Gastroenterology Laboratory of 
the University of Illincis Hospital during the years 1967 
to the present. All patients were referred as a result of 
symptoms suggestive of esophageal or upper gastroin- 
testinal disease. There were 128 patients in the study 
group ranging in age from 32 to 80 years with the 
majority in their fifth and sixth decades. Each patient 
had esophagoscopy with biopsy, a cine esophagogram, 
an acid perfusion test, esophageal motility with an acid 
clearing test and esophageal pH measurements. A group 
of 24 normal controls were also studied to establish 
“normal” values for our laboratory. 


Esophagoscopy 

Esophagoscopy was performed in each patient by the 
same endoscopist to minimize observer bias. Fiberoptic 
endoscopes were used and biopsies were taken to obtain 
histologic confirmation of esophagitis according to the 
criteria described by Ismail-Beigi, Horton, and Pope* 
Esophagitis was grossly graded on a one to four scale 
as follows: Grade 1—reddening, Grade 2—linear ero- 
sions, Grade 3—friable exudate with bleeding, and Grade 
4-ulcer or stricture. 


Cine Radiography 
Each patient had a cine esophagogram in both the 


upright and supine positions. In addition, various ma- 
neuvers designed to increase intra-abdominal pressure 
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enhancing reflux, if present, were used, Roentgenograms 
were interpreted in terms of the presence of absence 
of gastroesophageal reflux, hiatal hernia, stricture, ul- 
cers, dilatation of the esophagus, and esophageal spasm. 
Radiography was interpreted as positive for reflux if any 
evidence of reflux was present, i.e. reflux of barium vis- 
ualized, ulceration or mucosal defect, or the presence of 
a stricture. | 


Esophageal pH Measurements 

Esophageal manometric and pH studies were carried 
out by passing a composite catheter consisting of four 
polyvinyl tubes, 1 mm. ID, and a pH electrode (Beck- 
man, 3904Z) into the stomach of a fasted, supine pa- 
tient. One catheter had an opening at the tip and each 
subsequent catheter had an opening at progressively 
cephalad five centimeter increments, i.e. tip, 5 cm. 10 
cm. and 15 cm. Each catheter was perfused con- 
stantly with 0.9% NaCl solution at a rate of 0.76 ml./min. 
The fifth catheter contained the pH electrode. The 
catheters lead to an eight channel recorder (Beckman- 
Offner SII) via pressure transducers. The pH electrode 
was also attached to a Beckman pH meter capable of 
continuous monitoring. Respirations and swallowing 
were also monitored, With this arrangement, simultane- 
ous pressures could be recorded in various portions of 
the esophagus. The catheters were withdrawn in one 
centimeter increments to obtain the manometric trac- 
ing. Following this the lower two openings were rein- 
serted into the stomach. Sixty milliliters of 0.1N hydro- 
chloric acid solution were instilled into the stomach 
through the tip and the catheters withdrawn to pre- 
vent obturation of the gastroesophageal junction. The pH 
electrode was withdrawn in similar fashion and pH 
measurements recorded at each centimeter. 


Acid Perfusion Test 

With the most distal tip of the catheter bundle within 
the upper portion of the LES as determined by the 
manometric tracing, 0.1N hydrochloric acid solution was 
instilled through the 15 cm. opening from a standard 
intravenous fluid bottle at a rate of 50 drops/min. for 10 
minutes or until the onset of severe symptoms. The pa- 
tient was asked to refrain from swallowing during this 
infusion. He had no knowledge of the infusion. The 
patient was given a key to press throughout the entire 
manometric test and instructed to press the key whenever 
he had symptoms. The key was connected to a marker 
on the recorder. This subjective response was augmented 
by an objective response defined as spastic contractions 
in the lower esophagus on the manometric tracing dur- 
ing acid infusion. | 
Acid Clearing Test 

The acid instillation was halted after 10 minutes. With 
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the pH electrode two centimeters above the LES, the 
patient was asked to swallow repetitively at a reasonable 
rate, The number of swallows required to raise the pH 
at this level to 4.0 was recorded. This is a measurement 
of the ability of the esophagus to “clear” acid with co- 
ordinated peristaltic waves. The number of swallows 
required to accomplish this pH rise to 4.0 in 24 normal 
controls was also determined to establish normal values 
for this laboratory. On the basis of these control results, 
any value of more than seven swallows was interpreted 
as abnormal. 


Treatment 


On the basis of the above tests, patients were divided 
into two groups: 1) those with esophagitis, and 2) those 
without esophagitis. All patients with esophagitis were 
then begun on non-operative therapy consisting of the 
following measures: 1) weight reduction if the patient 
was obese, 2) antacids, 3) surfactants, 4) elevation of 
the head of the bed on 8-inch blocks, 5) no food or drink 
3 hours prior to retiring, 6) anticholinergic medication if 
any element of spasm was present, and 7) interdiction 
of tight abdominal garments. Following 6 months of 
non-operative therapy, if the esophagitis had completely 
resolved, the patient was considered a medical therapy 
success. On the other hand, if following 6 months of 
non-operative therapy the esophagitis showed no tend- 
ency to lessen or became worse, the patient was con- 
sidered a medical therapy failure and was advised to 
have operative treatment. There were 26 such patients— 
all had the Nissen fundoplication procedure via the 
abdominal approach. These patients were followed for 
at least 1 year with a repeat battery of studies at 6 weeks, 
6 months, and 1 year. 


Results 


Esophagoscopy. Of the 128 patients studied, 89 (70%) 
had esophagitis of some degree at esophagoscopy which 
was confined histologically. The remaining 30 (30%) 
had no endoscopic or histologic evidence of esophagitis. 
Forty-two (47%) patients with esophagitis had Grade 1; 
22 (25%) had Grade 2; 13 (15%) had Grade 3, and 12 
(13%) had Grade 4 (Table 1). 


TABLE 1. Definitions of the Grades of Esophagitis Used for this Study 
and Distribution of Esophagitis According to Grade 


Grade 


1. Reddening 

2. Linear Erosion 

3. Bleeding or Friable Exudate 

4. Ulceration or Stricture 
Distribution of Esophagitis According to Grade 


Grade 1 2 3 4 
No. Patients 42 (47%) 22 (25%) 13 (15%) 12 (13%) 
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TABLE 2. Overall Comparative Results for the Various Tests 





Cine Esophagogram 
Demonstrating Evidence of 


Reflux Hiatal Hernia Subjective 
Patients with 
Esophagitis (89) 20% 56% 42% 
Patients without 
Esophagitis (39) 0 62% 10% 
Control group (24) 0 


Cine-Radiography. Cine esophagogram demonstrated 
evidence of reflux in only 18 (20%) of the 89 patients 
with esophagitis. In the group of symptomatic patients 
without esophagitis, there were no instances of radio- 
graphically demonstrable reflux. Hiatal hernia was pres- 
ent radiographically in 50 (56%) patients with esopha- 
gitis and in 24 (62%) of those without esophagitis 
(Table 2). When cine esophagogram was correlated ac- 
cording to the grade of esophagitis present (Table 3), 
reflux was demonstrated most frequently in those pa- 
tients with Grade 2 and Grade 3 esophagitis. The ac- 
curacy of this test was 44% (Table 4). With respect to 
hiatal hernia, this entity demonstrated no consistent 
correlation with the grade of esophagitis. 

Acid Perfusion Test. Of those patients with esopha- 
gitis, 37 (42%) registered a positive subjective response 
to the acid perfusion test and 48 (54%) in this group had 
positive objective findings on the manometric tracing 
(Table 2). In the group of symptomatic patients with- 
out esophagitis, only four (10%) registered positive sub- 
jective responses and 10 (26%) had objectively positive 
responses. Of the control group (24 patients) none had 
positive subjective responses but six (25%) had positive 
objective responses. When the results of this test are 
viewed with regard to the grade of esophagitis present 
(Table 3), it can be seen that this test correlates best 
with the more severe degrees of esophagitis. The overall 
accuracy was 56% for the subjective test and 60% for the 
objective portion (Table 4). 

Acid Clearing Test. Sixty (67%) of 89 patients with 
esophagitis had an abnormal acid clearing test in this 
study (Table 2). Of those symptomatic patients with- 
out esophagitis (39 patients), eight (22%) had an ab- 


TABLE 3. 


Patients with Cine Esophagogram 


Esophagitis Demonstrating Evidence of 
Grade Reflux Hiatal Hernia Subjective 
1 (42 pts.) 5% 43% 33% 
2 (22 pts.) 18% 50% 32% 
3 (13 pts.) 31% 69% 46% 
4 (12 pts.) 67% 33% 75% 


Positive Responses to 
Acid Perfusion Test 


Positive Responses of 
Acid Perfusion Test 


Abnormal Esophageal 
pH Measurements 


Abnormal 
Acid Clearing Test 


Objective >7 Swallows 
54% 67% 427% 
26% 22% 5% 
15% 0 4% 


normal acid clearing test. Assessed from the grade of 
esophagitis viewpoint (Table 3), the acid clearing test 
correlated reasonably well with all grades of esophagitis. 
The accuracy of this test was 70% (Table 4). 

Esophageal pH Measurements. Abnormal esophageal 
pH measurements (pH 4.0 or less 2 cm. above the LES) 
were recorded in 37 (42%) patients with esophagitis and 
in two (5%) of symptomatic patients without. esophagitis, 
with the overall accuracy being 58% (Table 4). This test 
generally correlated best with Grades 2 and 3 esopha- 
gitis, 


Treatment 


Of the 26 patients having the Nissen procedure, 25 
(96%) experienced complete healing of their esophagitis 
and the abatement of reflux. In one patient, the fundo- 
plication broke down and he required reoperation. The 
second operation achieved complete success in halting 
reflux. Twenty-one patients (81%) were symptom-free 
following operation, but residual symptoms persisted in 
five (19%) despite complete resolution of the esophagitis. 

There were no instances of dysphagia or “gas-bloat” 
syndrome in this series. 


Discussion 


In patients with symptoms suggestive of esophagitis, 
the endoscopic examination of the lower esophagus is 
unique in its diagnostic capabilities in that it allows di- 
rect observation of inflammation and provides the op- 
portunity to biopsy this region to obtain histologic con- 
firmation of this disease state. For these reasons, esopha- 
goscopy is generally acknowledge as the most reliable 
diagnostic modality for the determination of the pres- 


Comparative Results According to Grade of Esophagitts 


Abnormal Esophageal 
pH Measurements 


Abnormal 
Acid Clearance Test 


Objective >7 Swallows 
50% 62% 26% 
59% 717% 59% 
54% 85% 62% 
42% 67% 22% 
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ence of esophagitis and its severity, despite confusion 
with regard to biopsy interpretation.° 

The relative diagnostic accuracy of other technics 
commonly used to detect esophagitis has been the sub- 
ject of much confusion. | 

With the development of the image intensifier and 
cinefluorography in the last decade, a new diagnostic 
tool was introduced to the field of gastroenterology.” 
The use of technics designed to detect reflux, if present, 
have greatly increased the diagnostic efficacy of radiog- 
raphy in disease states of the gastroesophageal hiatus.“ 
Cine-esophagogram has been a routine test for the 
evaluation of the esophagus in our laboratory since 
1967, It is surprising that in only 20% of patients with 
endoscopic esophagitis was evidence of reflux demon- 
strable by cineradiography. If the diagnostic accuracy 
of radiography is assessed according to grade of esopha- 
gitis, it can be seen that the accuracy increases as the 
severity increases. Despite this, even in the cases of 
Grade 4 esophagitis, which is defined as ulceration or 
stricture, the accuracy is only 67%. It is noteworthy that 
in 39 symptomatic patients without esophagitis, none 
had radiographic evidence of esophagitis. These findings 
suggest that cinefluorography of the gastroesophageal 
junction is a highly specific technic but is lacking in 
sensitivity, i.e. it is diagnostic when positive but of no 
consequence when findings are absent. Cineradiography 
demonstrated an associated hiatal hernia in 56% of pa- 
tients with esophagitis and in 64% of patients without 
esophagitis. In two patients with radiographic reflux 
(10%), there was no associated hiatal hernia. These find- 
ings indicate that hiatal hernia accompanies reflux 
roughly 50% of the time in this series of symptomatic 
patients. It can therefore be concluded from these find- 
ings that cineradiography plays only a small role in 
the diagnosis of gastroesophageal reflux, and is virtually 
of no value in patients with minimal, early esophagitis. 
The presence of hiatal hernia has the same diagnostic 
implications in this instance as the tossing of a coin. 

Since Bernstein! first described a blinded acid perfu- 
sion test for the detection of esophagitis, this test and its 
modifications have become standard diagnostic technics. 
This test is claimed to be most useful in establishing 
that pain is of esophageal origin when endoscopic and 
roentgenographic findings are normal. In this study 
42% of patients with endoscopic esophagitis had a posi- 
tive subjective acid perfusion result whereas only 10% 
of symptomatic patients without esophagitis had posi- 
tive subjective results, Furthermore, only one-third of 
those patients with Grade 1 esophagitis had a positive 
result, but 75% of those with Grade 4 esophagitis were 
positive. The objective response was somewhat higher, 
with the overall incidence of those patients with esopha- 
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TABLE 4. Comparative Accuracies of Each Test, i.e. Percentage of 
Patients in Which a Specific Test was Correct 


False False 
Accuracy positive negative 


L tL OC cc 


Cine esophagogram 44% 0 71 
Acid perfusion test 
Subjective 56% 4 52 
Objective 60% 10 48 
Acid clearance test 70% 8 29 
Esophageal pH measurements 58% 2 52 


gitis being 54% and those without esophagitis 26%. These 
results lead to the conclusion that the acid perfusion 
test as done in our laboratory has moderate diagnostic 
specificity but is a relatively insensitive modality when 
compared to esophagoscopy. Whether or not the 10% 
false positives represented “pseudoesophagitis’ (i.e. nor- 
mal roentgenographic and endoscopic findings ) is specu- 
lative since these were not biopsied. The objective re- 
sponse, as determined by diffuse spasm in the lower 
esophagus with acid instillation, was significantly higher 
in the same groups of patients and was positive in 25% 
of the control group. This finding casts doubt as to the 
clinical significance of this portion of the test. 

The acid clearing test achieved the highest degree of 
correlation (67%) with endoscopic findings. The positive 
correlation, as might be expected, was greatest with the 
more severe grades of esophagitis. This is in agreement 
with the findings of Skinner and Booth.’ Gastroesopha- 
geal reflux probably occurs in everyone on occasion. 
Normally the noxious acid-pepsin mixture is quickly 
cleared from the esophagus with intact, coordinate, pri- 
mary or secondary peristalsis. It has been postulated 
that esophagitis occurs in those individuals in which 
there is a motility disturbance resulting in the inability 
to “clear” acid rapidly from the esophagus. Gastric con- 
tent therefore is in contact with the lower esophageal 
mucosa for a relatively long period of time resulting in 
esophagitis. This is not to suggest, however, that the _ 
only abnormality is those patients with esophagitis is 
a motility disturbance. Whether or not this disturbed 
motility is a result of a weakened sphincteric barrier to 
reflux or a result of esophagitis is also controversial. 

Esophageal pH measurement in the lower esophagus 
has been described as being the most sensitive test for 
determining the presence or absence of gastroesophageal 
reflux. In this study, esophageal pH measurements 
achieved a 42% correlation rate with endoscopy in the 
diagnosis of reflux. In those patients without esophagitis, 
the test was indicative of reflux in 5% of the cases. The 
control group had a 4% incidence of positive results. 
This test most certainly measures reflux when it is pres- 
ent. The fact that only 42% of those patients with esopha- 
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gitis had a positive test suggests that the test is de- 
pendent upon the specific occasion on which it is carried 
out, i.e. reflux is an intermittent rather than a continuous 
process. The fact that reflux was measured by this test 
in 5% of the patients without esophagitis and in 4% of 
the contrel group is not surprising. That gastroesopha- 
geal reflux probably occurs occasionally in everyone 
has been documented by Skinner and Camp® who dem- 
onstrated reflux in 40% of asymptomatic, normal volun- 
teers. These data indicate that the measurement of 
esophageal pH has approximately the same degree of 
usefulness in the diagnosis of gastroesophageal reflux as 
does the subjective acid perfusion test. | 

This study demonstrates that if endoscopic examina- 
tion is assumed the most reliable method for the diagnosis 
of gastroesophageal reflux, the reliability of roentgeno- 
graphic, acid perfusion, acid clearing, and esophageal 
pH tests is not always adequate. As a result of the 
“occasion-dependent” nature of these adjunctive tests, 
they can be expected to produce conflicting results, 
especially if performed at different times. 

In the final analysis, no test approached the absolute 
accuracy of esophagoscopy in the diagnosis of esopha- 
gitis. This might have presented a severe problem in the 
times before availability of the fiberoptic esophagoscope. 
Esophagoscopy has been so simplified and made so safe 
by the advent of that instrument that there is now no 
reason for total reliance on these other methods. 

This does not downgrade the value of motility meas- 
urements in the esophagus, since intraluminal pressure 
measurements serve to elucidate derangements of func- 
tions not amenable to simple inspection. | 

This study also demonstrates that the Nissen fundopli- 
cation procedure accomplishes what it is designed to 
do, i.e. prevent reflux, without fail. It is interesting that 
five of the 26 patients had persistent symptoms despite 
complete healing of their esophagitis. A thorough study 
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PRESIDENT BrinDLeY: Dr. Nyhus, I would like to ask you and 
your group if you will tell us your interpretation of esophageal 
motility tests, how useful they have been to you in determining 
the extent of esophageal spasm and the indications for surgery. 
Will you comment upon that just a minute? Will you comment a 
little bit about: Have you found the Belsey type fundoplication 
to be a useful one? | 


Dr. C. THomas Bomseck (Closing discussion of Paper No. 7): 
Dr. Brindley asked about the value of esophageal motility in 
the diagnosis of diseases of the esophagus. When we say that 
the various tests of reflux, which are done with motility studies, 
are not of particular value, or of not nearly as much value as 
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of these patients revealed that these persistent symptoms 
were on the basis of residual esophageal spasm not 
secondary to the esophagitis. At present, it is not possible 
to identify those patients in whom esophageal spasm is 
a primary derangement, rather than secondary to esopha- 
gitis. For patients with primary esophageal spasm with 
incapacitating symptoms unresponsive to anticholinergic 
drugs, we now recommend a long esophageal myotomy 
in combination with the Nissen fundoplication. 
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esophagoscopy in the diagnosis of the presence of esophagitis, 
we do not mean to denigrate opaga motility studies at all. 
There are certain things that esophageal motility studies can tell 
us which are not determinable in any other way. The presence cf 
either hypermotility disorder of the esophagus, concomitant (es 
at the lower end of the esophagus, or whether or not the lower 
esophageal sphincter will relax, are all of interest in the treatment 
of these patients, and that is the only way one can get these 
sorts of data. Esophageal motility studies are of importance, and, 
indeed, the 19% of patients which we showed had spasm 
were picked up initially on esophageal motility studies as part 
of the prospective study. They also had esophagitis. 

We are still at somewhat of a loss as to what to do when you 
find that sort of picture, esophagitis and spasm combined. In a 
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separate presentation, Dr. Brindley, who was a discussant of that 
paper, recommended that we use long esophageal myotomy to- 
gether with some sort of a valvuloplasty, such as the Nissen, the 
Belsey, or the Hill. We have done that now in one patient with 
gratifying results, and we are starting a randomized prospective 
study of that particular operation, and we will let you know the 
results when we have them. 

We have done six Belsey operations in our series. They were 
not included here, because they were not done by us in the 
clinic. They were done by other people at the University. We 
have the same sort of results with the Belsey that we do with 
the Nissen. We have no evidence to suggest that the Belsey is a 
different operation than the Nissen. The Belsey, the Hill, and the 
Nissen are all valvuloplasty operations; that is, they make a valve 
at the gastroesophageal junction which prevents reflux. They are 
not physiologic, They are purely artificial things, using autogeneous 
tissue located at the gastroesophageal junction. They are not de- 
signed to reduce hiatal hernia. They simply make a barrier to reflux. 

Dr. Woodward asked about dysphagia following vagotomy. 
Because of dysphagia, we started the study which I mentioned 
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in discussion of his paper. I am sorry to say that we have had ro 
cases of dysphagia following vagotomy since we did that, so 
that we simply cannot comment on it. Certainly, truncal vagotomy 
does denervate the lower esophageal sphincter if done high up, 
at the level of esophageal hiatus, after any hernia is reduced. If 
the vagus is important, one would expect some effect. The effect 
which we have observed in our preliminary study is a slight 
decrease. It has not been significant. We have seen no reflux in 
patients following vagotomy. 

The gas bloat syndrome was also of importance to us. Early 
in our series, we did have some patients—not here, and not in 
this series—with gas bloat syndrome. That was when we were 
doing very long Nissen fundoplications. Empirically, we limited 
the length of the Nissen fundoplication to 4 cm. We did it loosely 
enough that one could insert both a 44 French sump tube across 
the gatroesophageal junction and one finger alongside the plication 
when one was doing it; and since we have adopted those meas- 
ures, we have seen no incidence of the gas bloat syndrome. There 
is some transient gas bloat for the first 4 weeks or so following 
operation in about a third of the patients, but later it disappears 
and we have had no trouble. 
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HE NUMBER Of kidney transplants from both live 
T and cadaver donors is increasing each year yet the 
two most important problems to be solved for even 
wider application of this technic are the prevention of 
rejection and long-term organ preservation. Regional 
organ donor programs have allowed a better distribu- 
tion of kidneys in a limited geographic area over a 
short period of time but long-term renal preservation 
(2-4 days) is necessary for national and worldwide dis- 
tribution of shared organs. 

The hallmark and limiting factor at present in organ 
preservation using pulsatile perfusion is the gradual in- 
crease in peripheral vascular resistance associated with 
decreased flow, parenchymal edema and poor function 
after transplantation. The etiology of this phenomenon 
has been attributed to: 1) mechanical factors,!%17-18 2) 
the release of vasoactive materials,® and 3) the altera- 
tion of endothelial surfaces. 

Recent work by investigators studying hypovolemic 
shock, endotoxin shock and a variety of low flow 
states®*8.11 has focused attention on the relationship 
between the release of lysosomal enzymes, changes in 
the peripheral vascular resistance and altered cell vi- 
ability. The purpose of this work was: 1) to assess the 
relationship of increasing peripheral vascular resistance 
to lysosomal enzyme release in the isolated perfused 
kidney, 2) to evaluate the effect of adding exogenous 
lysosomal enzymes to the isolated perfused organ and 
3) to evaluate the efficacy of a lysosomal membrane 
stabilizing agent, methylprednisolone, in the pretreat- 
ment of the kidney donor and as an additive to the 
perfusate. 
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Materials and Methods 


Experimental Groups and Sampling 


Four groups of six kidneys each were studied: Group 
I and Iyp were perfused with normothermic diluted 
canine plasma for 6 hours. Groups II and Ip were 
perfused with hypothermic Krebs-Henseleit low-molec- 
ular weight dextran solution for 24 hours. The canine 
donors of the kidneys in Groups Imp and Ip were 
given 30 mg./Kg. of methylprednisolone (MP), a syn- 
thetic glucocorticoid, intravenously 2 hours prior to 
nephrectomy and methylprednisolone was added to the 
perfusate in a concentration of .35 mg./cc. cf perfusate. 

Contralateral 2.0 Gm. renal biopsies and plasma 
samples for enzyme activity were obtained prior to the 
administration of MP and just before the kidney was 
removed and placed on the perfusion circuit. 

After perfusion was initiated pressure, flow, Pcoe, Fos 
and pH were monitored at regular intervals. Perfusate 
samples for enzyme activity were obtained at the start 
of perfusion and then at hourly intervals in Groups I 
and Iyxp and at 6, 12 and 24 hours in Groups II and IIyp. 

All results were analyzed utilizing the unpaired Stu- 
dents T test and the valves are expressed as the mean 
along with the standard error of the mean (SEM). 


Preparation of the Living Donor 


Mongrel dogs of either sex weighing 25-40 Kg. were 
fasted, anesthetized with intravenous pentobarbital so- 
dium and intubated. Five hundred ce. of isotonic saline 
was administered intravenously before laparotomy, and 
in those animals having a 2-hour interval between in- 
duction of anesthesia and nephrectomy an additional 
150 cc. of saline was given each hour. 

A nephrectomy was performed through a midline 
incision and the organ was removed from the donor 
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leaving the capsule intact. Care was taken to minimize 
trauma to the hilum. In some dogs a 2 Gm. wedge biopsy 
of the contralatera] kidney was obtained after initial 
laparotomy and again 2 hours later prior to nephrectomy. 
Anephric dogs were sacrificed by hemorrhage and the 
plasma fraction used for renal perfusion. 


Perfusates and Perfusion Procedure 

After removal the kidneys were rinsed with saline, 
weighed and the renal artery cannulated. Gravity per- 
fusion was then carried out using 300-500 cc. of normo- 
thermic or hypothermic Ringer's lactate to which was 
added 250 units of heparin and 2.5 mg. procaine. Kid- 
neys which did not flush well were not studied. Warm 
ischemic times in all kidneys did not exceed 4 minutes. 

Normothermic (37 C) renal perfusion was carried out 
using a perfusate described by Belzer et al. This con- 
sisted of 850 cc. of fresh dog plasma, 135 cc. distilled 
water, 2 cc. KCl, and 15 cc. 25% mannitol. The diluted 
plasma prepartion was frozen then thawed and im- 
mediately passed through a series of Millipore filters. 
The perfusate osmolality was 280-310 mOs/L. 

The perfusate used in hypothermic perfusion consisted 
of an equal volume of Krebs-Henseleit solution and 10% 
low molecular weight dextran solution in normal saline. 
This was prepared daily, and the initial pH titrated to 
7.30—7.35 with NaOH. The final concentration of this 
solution in mM/L was: KC]—2.38; KH,.PO,—0.60; Mg 
SO.—0.60; CaC],—-1.27; NaHCO;—12.5; NaCl—126.0; 
glucose—5.0, Perfusate osmolality was 300 m/Os/L. 


Methods 

After initial flushing the organs were transferred to 
the Belzer (L.I.400) perfusion unit. Oxygen and car- 
bon dioxide flows were 1.5 L/min and 40 cc/min re- 
spectively, The pulsatile perfusion pump was regulated 
to maintain the initial perfusion pressure (% pulse pres- 
sure plus diastolic) between 30-45 mm. Hg and the flow 
greater than 1 cc,/Gm. of kidney/min. Peripheral vascu- 
lar resistance (PVR units) was calculated by dividing 
the pulse pressure by the flow (pulse pressure—mm.Hg/ 
flow—ce./min). During most of the experiments per- 
fusate Poz ranged between 275-300 mm. Hg, Pco, 10-15 
mm. Hg and pH 7.30-7.35. 


Preparation of Exogenous Lysosomal Enzymes 
Exogenous lysosomal enzyme preparations were pre- 
pared from dog livers. Two dog livers were removed, 
weighed, minced and mixed with cold 0.25 M sucrose. 
The mixture was homogenized in a blender for 20 sec- 
onds and the suspension centrifuged at 2,000 rpm for 
30 minutes. This step removed nuclear material and 
cellular debris from the supernatant (S,) which was 
then centrifuged at 4C for 20 minutes at 11,500 rpm. 
An aliquot of this supernatant (S2) was filtered through 
No. 1 paper and assayed for cathepsin D activity and 
represents free enzyme activity. The unfiltered portion 
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which contains lysosomes and subcellular particles, was 
then resuspended in a total of 20cc. saline and homoge- 
nized at high speed for 5 minutes in a blender to com- 
pletely disrupt the lysosomal membranes. The resulting 
suspension was then centrifuged at 4C at 11,500 rpm 
for 30 minutes. The supernatant fraction (S3) represents 
intralysosomal (bound) enzymes. This preparation of 
lysosomal enzymes, when added to 800 cc. of diluted 
plasma perfusate, raised the lysosomal enzyme concen- 
tration of cathepsin D four fold and betaglucuronidase 
two fold. 


Chemical Determinations 


Betaglucuronidase 

Samples of perfusate, plasma, tissue extracts, and 
lysosomal suspensions (0.1 ml.) were assayed for beta- 
glucuronidase activity according to the method of 
Talalay et al? using phenolphthalein glucuronide as 
the substrate. Enzyme activity is expressed as the num- 
ber of micrograms of phenolphthalein liberated per 
milliliter of sample per hour at 37 C. Specific activities 
are expressed in units (i.e. micrograms of phenolphthalein 
x 10 liberated/hour at 37 C} per milligram of protein. 


Cathepsin D 

Samples of perfusate, plasma, tissue extracts and lyso- 
somal suspensions (0.1 ml.) were assayed for cathepsin 
D according to the method of Anson? using bovine hemo- 
globin as substrate. Enzyme activity is expressed as 
milliequivalents of tyrosine X 10-* produced per milliliter 
of sample per hour at 37 C. Specific activities are ex- 
pressed as units (i.e. milliequivalents of tyrosine x 10-® 
produced per hour at 37 C) per milligram of protein. 


Protein 


Protein determinations were performed by the method 
of Lowry et al.1* using bovine albumin standards. Sam- 
ples were read at 500 nm. | 


Lysosomal Fragility Curves 


Two gram renal biopsy specimens were immediately 
placed in 0.25 M cold sucrose, washed to remove debris, 
minced, and homogenized in a loose Dounce homoge- 
nizer for 2 minutes with 0.25 M cold sucrose. This sus- 
pension was then centrifuged at 2,000 rpm (at 4C) for 
10 minutes to remove cell debris and nuclear material. 
The supernatant (Sı) was then centrifuged at 11,500 
rpm for 20 minutes at 4 C. The supernatant (Sə), zon- 
taining free lysosomal enzymes, was filtered and stored 
in the cold for enzyme assay. The remaining pellet was 
resuspended in 8 cc. sucrose (0.25 M) and mixed in 
a tight Dounce homogenizer for 15 seconds. This sus- 
pension was divided into four 2 cc. aliquots designated 
Sao; S320, S360» and Ssreo minutes. The Sse0: 5360: 
Sareo Samples were placed in a 37C shaker bath for 
20 and 60 minutes. 


A. B. 


CONTROL METH YLPREDNISOLONE (30mg /kg) 


40 
30 


20 


10 gi 


CATHEPSIN D - SPECIFIC ACTIVITY 













ps.05 






YY) 
ZA fj 





| 
| 
l 
l 
l 
| 
| 
i 
i 
I 
| 
| 
| 
| 
| 
i 
I 
l 
| 


5 5! 
WITHOUT METHYLPREDNISOLONE 


l 
l 


METHYLPREDNISOLONE(30mg/kg) 





BETA GLUCURONIDASE - SPECIFIC ACTIVITY 


! 
| 
1 
| 
j 
| 
l 
i 
| 
| 
| 
l 
| 
] 
| 
| 
| 
| 
| 
| 
| 
i 
i 





% 2 
TIME OF PERFUSION IN HOURS 


Fic. 1. Normothermic diluted plasma canine kidney perfusion. 


Results 


Figure 1 illustrates the gradual rise in the specific 
activity of cathepsin D and betaglucuronidase in the 
dogs perfused with normothermic cryoprecipitated 
plasma. The difference in the initial cathepsin D activity 
of 12.6 + 2 and 10.7 + 1.1 units in Group 1 and lyp 
is not significant and the same is true for the betaglu- 
curonidase activity of 33.1 + 5 in Group I and 21.6 = 3 
units in lap. However, after 6 hours the mean cathepsin 
D was 35% less (p < 0.5) and the betaglucuronidase was 
50% less (p < 0.025) in the methylprednisolone treated 
kidneys as compared to the untreated controls. Table 1 
illustrates the marked reduction in peripheral vascular 


TABLE 1. Vascular Resistance in the Perfused Canine Kidney at 37 C* 


Diluted Plasma Diluted Plasma 


Time After Onset Perfusate Pius MP** 
of Perfusion (minutes) (5) (4) 
15 508 + 253 units 632 + 117 units 
120 3246 + 1135 780 + 37*** 
369 >- 5952 + 1543 1600 + 150ł 


* Values are means +SEM. 
** 30 mg./Kg. administered to dog 2 hours before perfusion and 
added to pump. 
*** b < 0.025 compared to value without steroids. 
t p < 0.05 compared to value without steroids. 
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Fic, 2. Normothermic di- 
luted plasma canine kid- 
ney perfusion: relation- 
ship of lysoscmal enzymes 


to vascular resistance, 
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resistance in the methylprednisolone treated kidneys 
compared to the control group. There is not statistically 
significant difference in the 15-minute resistance .(508 
+ 253 vs. 632 = 117), but the differences are significant 
after 2 and 6 hours of perfusion. 

Figure 2 shows the linear relationship between the 
rise in lysosomal enzyme concentrations and vascular 
resistance observed during the period of normothermic 
perfusion. 

To determine if the increasing concentration of en- 
zymes in the perfusate was related to the rise in periph- 
eral vascular resistance enother series of six canine kid- 
neys were perfused in a fashion identical to Group I 


except that 45 minutes after perfusion had begun an 


exogenous lysosomal enzyme preparation was added to 
the perfusate. This enzyme preparation averaged 330 units 
of cathepsin D activity per milliliter with a total of ap- 
proximately 10,000 units of activity. This preparation 
elevated the perfusate cathepsin D concentration from 
a mean of 11.2 to 47.3 units and the betaglucuronidase 
concentration from 25.6 to 71.0 units. As seen in Figure 
3, 60 minutes after the enzyme preparation was added 
the slope of the peripheral vascular resistance curve 
differed from that of the controls. 

The gradual rise in both enzyme activities in the 
kidneys perfused at 10C with Krebs-Henseleit—low 
molecular weight dextran perfusate is shown in Figure 
4. There is a statistically significant difference (p < 
0.005) in the betaglucuronidase levels of the perfusate 
in the control and treated kidneys whereas this is not 
true with the cathepsin D levels. 

Table 2 shows that there is no statistically significant 


difference in the peripheral vascular resistance of the’ 


hypothermic kidneys at, either 15 minutes or 24 hours 
in the treated and control groups. 

Table 3 documents free and total cathepsin D con- 
centrations in 2 Gm. biopsy specimens of the kidney 
taken before and after the administration cf methyl- 
prednisolone to the donor animal and prior to nephrec- 


tomy. The levels of free enzyme are significantly lower - 
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(p < 0.03) after treatment indicating that methyl- 
prednisolone is preventing the release of free lysosomal 
enzyme in renal tissue. 

Figure 5 is a fragility curve demonstrating lysosomal 
stabilization in canine renal tissue using methylpred- 
nisolone. Using the protocol of Janoff, Weissman, Zwei- 
fach and Thomas" six control and six experimental 
tissue specimens were subjected to heat (37C) and 
agitation for various periods of time and the release 
of cathepsin D from the lysosome measured. Results 
are expressed as per cent maximum release after total 
lysosomal disruption. There was a marked increase in 
cathepsin D activity released after 20 and 60 minutes 
of tissue incubation in the control group whereas those 
animals pretreated with methylprednisolone showed only 
a minimal increase in the enzyme released from the in- 
cubated renal tissue. 


Discussion 


The rise in peripheral vascular resistance associated 
with long-term organ perfusion has been investigated 
by many individuals. When cellular perfusates were 
used platelet clumping, glomerular occlusion with fat, 
leukocytic palisading and thrombotic occlusion of the 
renal microcirculation with erythrocytes and cellular 
debris were all given as possible explanations.!9.1718 
Those using acellular perfusates attributed the increasing 
resistance to the release of vasoactive materials acting 
on the adrenergic end-organs of the renal vessels,® vascu- 
lar endothelial damage resulting in the transcapillary 
migration of fluid with an increase in interstitual pres- 
sure causing post-glomerular capilary obstruction! and 
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Fic. 3. Normothermic diluted plasma canine kidney perfusion 
(Expt. No. 3). 
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fusion, 


the blockage of small vessels by beta-lipoproteins liber- 
ated into the perfusate by cold denaturation.? © 

Undoubtedly all of these factors play a role in vascular 
resistance changes and recently workers in our institu- 
tion®-8 and elsewhere’! have begun to identify some 
of the detrimental effects of lysosomal enzyme release on 
peripheral vascular tone. 

Lysosomes are subcellular organelles with a lipopro- 
tein membrane having a variety of functions.’ Many 
enzymes are found within this membrane and during the 
last decade a great deal has been written about their 
wide range of biologic activity. Hypoxia is an important 
factor in promoting the release of these enzymes and 
once released they are capable of breaking nearly every 


TABLE 2. Vascular Resistance in the Perfused Canine Kidney at 10 C* 


Krebs-Henseleit / 
LMWD with 
MP** (4) 


1025 + 373 units 
2376 + 429*** 


Krebs-Henseleit / 
Time After Onset LMWD — 


of Perfusion (hours) (7) 


1/4 1020 + 172 units 
24 2554 + 572 


* Values are means +SEM. 
** 30 mg./Kg. MP administered to dog 2 hours before perfusion 
and added to pump. 
*** Nonsignificant statistically compared to series without MP. 


570 


TABLE 3. Analysis of Free and Total Lysosomal Enzyme Levels 
from 2 Gm. Kidney Biopsy Specimens before and After 
Methyl prednisolone 


Per Cent Free 


of Total 
Group No. Activity SEM Free Total 
Before MP 5 31.6 02 8534171 2800 + 563 
2 hours 
after MP 5 23.4* .02 804+ 140 384 + 999 


* p < 0.03 compared to group before MP. 
_ Numbers represent means + SEM. 


biologic bond, producing inflammation, disrupting vas- 
cular endothelium, initiating the coagulation and kinin 
systems, causing vasoconstriction and depressing cardiac 
contractility. 

Ferguson et al.,5:6 in studies of the isolated perfused 
pancreas, showed a ten fold increase in peripheral vas- 
cular resistance when this organ was subjected to hy- 
poxic conditions. Electron microscopy of the hypoxic 
pancreas demonstrated vacuolization of the lysosomes 
whereas this was not present in the pancreas of the 
control animals, The addition of exogenous lysosomal 
enzyme extracts to the perfused pancreas produced a 
sudden rise in peripheral vascular resistance and a de- 
creased flow. 

Our study confirms these findings in that there is a 
straight line relationship (Fig. 2) between lysosomal! 
enzyme concentrations in the perfusate and the increase 
in peripheral vascular resistance. The relationship is 
statistically significant in the kidneys perfused at normo- 
thermic temperatures whereas this is not the case in 
the organs subjected to hypothermic perfusion (Table 2) 
even though the latter group showed increased perfusate 
levels of betaglucuronidase. The work of Abbott and 
Weinerth! would suggest that in our normothermic per- 
fusion experiments a relative degree of hypoxia was 
present and hence promoted lysosomal enzyme release, 
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Hypothermia does slow down most metabolic processes 
and also acts as a lysosomal membrane stabilizing agent 
and may in part be responsible for the delay in onset 
of increased peripheral vascular resistance in the kidneys 
perfused with a hypothermic solution. 

Additional data relating the change in lysosomal en- 
zyme concentration to changes in vascular resistance 
are shown in Figure 3. The addition of exogenous lyso- 
somal enzymes prepared from canine livers promptly re- 
sulted in an increase in vascular resistance and a de- 
crease in flow. 

Hypothermic perfusion did result in the release of 
smaller amounts of lysosomal enzymes (Fig. 4) and 
hence necessitated the use of a protein free perfusate 
because of the variable amount of enzyme activity 
measured in cryoprecipitated dog plasma even before 
perfusion began. 

The disruption of the lysosome and the release of 
lysosomal hydrolases may effect the vasculature in one 
or more of the following ways: 1) a direct vasoconstrictor 
action, 2) damage to the endothelium with transcapillary 
leakage, increased interstitual pressure and a subsequent 
reduction in flow, 3) potentiation of cell death and hence 
cellular debris which in turn causes mechanical blockage 
of the microcirculaticn and 4) a feedback phenomenon 
whereby decreased flow accentuates hypoxia and the 
progressive release of larger amounts of lysosomal en- 
zymes. 

Several investigators,*+1215 since Weissman’s report”? 
in 1964, have demonstrated the effect of corticosteroids 
and other drugs on lysosomal membrane stabilization. 
As seen in Figures 1, 4 and Table 1 the pretreatment of 
the donor animals with MP and the addition of MP to 
the perfusate (Grougs Imp, Ile) resulted in decreased 
perfusate levels of enzymes and a delay in the increase 
in peripheral vascular resistance. 

The lysosomal membrane stabilizing effect of corti- 
costeroids was further documented by analyzing the free 
and total cathepsin D concentration in 2.0 Gm. renal 
biopsy specimens as seen in Table 3. After MP treatment 
of donor animals only 23% of the cathepsin D- was free 
whereas before treatment 32% of the total amount of 
enzyme was released in the tissue. 

Figure 5 documents the results of another experiment 
demonstrating the beneficial effect of MP on lysosomal 
membrane stabilization. At the end of 60 minutes of 
incubation and agitation renal tissue from dogs pre- 
treated with MP showed only a 50% release of cathepsin 
from the lysosome whereas in the untreated animals 
almost 100% of the cathepsin was released. 

Glucocorticoids are thought to stabilize the lysosomal 
membrane by their interaction with the lipids comprising 


. the membrane. Lotke!? in 1969 demonstrated the bene- 


ficial effects of storage of renal slices with hydrocortisone 
and choroquine. On the basis of an increased ability 
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of renal slices to concentrate para-amino hippurate with 
steroid added to the perfusate compared to the controls 
he speculated that this beneficial effect was the result 
of potentiation of an integrated cell function due to lyso- 
somal stabilization. He has also shown that oxygen 
corisumption is increased when renal slices are incubated 
with hydrocortisone in the media.¥ 

Work by Rangle et al.® asing ischemic livers demon- 
strated the release of hydrolytic enzymes as an early con- 
sequerice of ischemia. The addition of lysosomal mem- 
brane stabilizers (chloropromazine, phenoxybenzamine ) 
resulted in a delayed and decreased release of acid 
hydrolases, This finding lead these investigators to specu- 
late that pretreatment of donors with lysosomal stabiliz- 
ing agents “may permit the period of hepatic ischemia 
during transplantation to be safely extended.” _ 

It is well established that tissue ischemia is detrimental 
to cell survival and subsequent organ function after 
transplantation. The initiating factor, ischemia, probably 
potentiates lysosomal labilization and leads to vacuoliza- 
tion and the release of acid hydrolases. These hydrolases 
are capable of acting on most biologic bonds and are 
the ultimate factors in producing cell death. 

Methylprednisolone can stabilize the lysosomal mem- 
brane, retard the release of acid hydrolases and delay 
the appearance of increased vascular resistance charac- 
teristic of long-term organ perfusion. Pharmacologic 
doses of this drug administered to the organ donor and 
added to the perfusate may prolong preservation time 
and improve organ function after transplantation. 


Summary 


Normothermic and hypothermic canine renal perfusion 
is characterized by the release of lysosomal enzyymes in 
the perfusaté and an increase in peripheral vascular re- 
sistance. Methylprednisolone, a lysosomal membrane 
stabilizing agent, when used to pretreat the donor animal 
and when added to the perfusate, delays the onset of 
vascular resistance changes and diminishes lysosomal 
enzyme concentrations in the perfusate. 
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For several years a number of people have said that steroids 
stabilize the lysosomal membrane, and, as a matter of fact, a 
great deal of published material is available making such claims, 
particularly in the literature concerning shock and shock-like states, 
and to my knowledge this is really the first material that I know 


‘of that documents very clearly that this is, in fact, scientifically 


the case. . 
So I am very happy to see the material, and I commend Dr. 
Rudolf upon the work. 


Stroke Associated with Elongation and Kinking of 


the Carotid Artery: 


Long-Term Follow-Up 
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AROTID ELONGATION and tortuosity was recognized by 
otolaryngologists decades ago because of the haz- 
ards posed by the carotid artery bulging into the pharynx 
during the course of tonsillectomy.* 8,9,18,18.26,27 However, 
it remained for Riser et al.23 in 1951 to recognize the 
association between carotid kinking and cerebrovascular 
insufficiency and to obtain relief of “crises of vertigo” in 
their patient using a piece of the sheath of the sterno- 
cleidomastoid muscle to fix the vessel and make it “de- 
scribe a turn with a large radius.” They postulated that 
changing head position might lead to ischemia. The first 
internal carotid resection was reported by Hsu and 
Kisten! to have been done for fear the buckled segment 
would rupture: Unfortunately, thrombosis of the anas- 
tomotic suture line led to a fatal outcome. In December 
1958, we discussed before this Association a paper. by 
Bahnson et ali We reported three cases of transient 
hemipatesis associated with elongation and kinking of 
the iriternal carotid artery treated by carotid resection 
which were subsequently published in detail.22 A fourth 
case of carotid tortuosity, which at that time was asymp- 
tomatic and under observation, was also presented. Since 
all four of these patients were followed until death, we 
felt it would be of interest to present their ultimate course 
with an analysis of the remainder of our series of 138 
patients with carotid elongation and kinking treated 
surgically. 


Case Reports 


Case 1. A 69-year-old hypertensive woman noted numbness 
and weakness of the entire right side of the body on April 29, 
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1958. Carotid arteriogram (Fig. 1) showed overt kinking of the left 
internal carotid artery. This was confirmed at operation under 
general anesthesia on May 12, 1958 (Fig. 2) by which time 
neurologic changes had cleared. A 2 cm. segment of the left 
common carotid artery was resected which relieved the kinking 
(Fig. 3) as confirmed by a postoperative arteriogram (Fig. 4). 
Following recovery she remained in Savannah for several years 
and then moved to Nashville, Tennessee, where she continued to 
remain asymptomatic though hypertensive till 1968. She began 
to have “fainting spells” which were believed to be due to harden- 
ing of the arteries. On April 25, 1970; 2 months of frequent 
episodic dizziness and confusion culminated in the development 
of left hemiplegia. She recovered slightly in the hospital and was 
transferred 17 days later to an extended care facility where she 
died July 30, 197G at the age of 83 years. Arteriograms were not 
done in the hospital and autopsy was not performed. 

Case 2, On September 4, 1958, a 75-year-old normotensive 
man was admitted with a history of several years of intermittent 
dizzy spells. A transient ischemic episode 2 months previously had 
involved the righz side and then coniplete right hemiparesis with 
aphasia had occurred that day which had begun to clear by the 
time of admission to the hospital some 4 hours later. Spinal tap 
revealed clear fluid. Carotid arteriograms showed corkscrew-type 
elongation of the right internal carotid just below the skull, while 
on the left there was elongation with a transverse band of radio- 
lucency across the vessel about 2 cm. above the bifurcation (Fig. 
5). This proved to be due to a kink in the artery (Fig. 6) and 
resection of the bifurcation, which contained a non-obstructing 
plaque, was carried out under local anesthesia. End-to-end anas- 
tomosis of the common to the internal carotid was made. Post- 
operatively the residual neurologic changes gradually cleared over 
a period of several weeks. He remained asymptomatic until Jan- 
uary 28, 1963. On this date he was involved in an automobile 
accident in which he received a severe blow to the right side of 
his head. In the presence of unconsciousness and paralysis of the 
left side, bilateral carotid arteriograms showed no change of the 
left carotid circulation from that seen on the previous postopera- 
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tive study. On the right there was found a large subdural hema- 
toma which was evacuated surgically by Dr. Charles Usher, Jr. 
Initial response was good, but on February 21 it was necessary 
to plicate the inferior vena cava because of multiple pulmonary 
emboli. Thereafter the neurologic state gradually improved, but he 
died April 29, 1963 while still in the hospital of congestive heart 
failure secondary to infarction of the left ventricle and complicated 
by pneumonia in all lobes of both lungs. Autopsy also showed 
focal necroses in both frontal lobes of the brain with cerebral 
edema. 

Case 3. A 68-year-old man was admitted October 11, 1958 
with paralysis of the right upper extremity with associated aphasia 
which had occurred 4 days previously. Partial clearing had oc- 
curred. Spinal tap yielded clear fluid, and carotid arteriograms 
showed marked elongation of both internal carotid arteries without 
overt kinking (Fig. 7). The left carotid bifurcation, which con- 
tained a small non-obstructing plaque, was resected under local 
anesthesia. Anastomosis was performed from the common to the 
internal carotid artery. Over a period of several weeks there was 
complete resolution of the neurologic deficit. He remained well 
until 1960 when transurethral resection of the prostate was com- 
plicated by postoperative retinal hemorrhage in the right eye. 
Chronic atrial fibrillation then developed, but he remained active 
until December 19, 1963, when he developed hemiparesis in- 
volving the left side. No definitive evaluation was carried out, and 
he died January 1, 1964. 

Case 4. The case of an asthmatic man, who was 67 vears old 





Fic. 1. 


Case T; 


Left carotid arteriogram shows overt kink of 


internal carotid artery. 
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at the time of arteriogram in June 1957 (Fig. 8), was reported to 
this Association as an asymptomatic case of internal carotid tor- 
tuositv. He was seen on several occasions for other conditions but 
he remained neurologically asymptomatic until October of 1960 
when he was admitted to the hospital in mild congestive heart 
failure which was controlled with diuretics. On the night of Oc- 
tober 19, he had an episode of unconsciousness with associated 
cyanosis and bronchospasm which passed without neurologic 
residual. The following night a similar episode began with a con- 
vulsive seizure. He was left with spastic changes which were 
bilateral at first but remained longer in the right upper extremity. 
On carotid arteriogram the following day, there was marked 
elongation and tortuosity of the left internal carotid artery similar 
to that demonstrated initially on the right side. At exploration 





Frc. 3. Case 1, 


(seen at side of anastomosis) the kink is eliminated. 


After resection of segment of common carotid 
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Fic. 4. Case 1. Postop- 
erative arteriogram con- 
firm elimination of kink. 





under local anesthesia, approximately 5 cm. excess length was 
estimated to be present in the kinked and looped internal carotid 
artery. The proximal internal carotid artery was resected and the 
end of the vessel above was anastomosed into the side of the 
common carotid 2 cm. below the bifurcation after the fashion of 
Lorimer.!? Postoperatively he had no further seizures but de- 
veloped increasingly severe bronchospasm with cyanosis and 
tachypnea, then coma, followed by death on October 23. Autopsy 
showed massive bilateral pneumonia. 


Fic. 5. Case 2. Arrow 
points to band-like lu- 
cency seen across artery. 
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Fic. 6. Case 2. At operation, vessel is found to be kinked at point 
of arteriographic lucency. 


Analysis of these cases plus the remainder of our series, 
a total of 138 patients upon whom 149 operations were 
performed, has been carried out. The youngest patient 
was 45 years of age; the oldest 93. One hundred and one 
of the patients were between 56 and 75 years of age. 
There were 66 men and 72 women. One hundred and 
twenty-six were Caucasian and 12 were Negro. Blood 
pressure on initial examination was greater than 160 
systolic or 90 diastolic or both in 60 per cent of the 





Fic. 7. Case 3. A, Right and B, Left, carotid arteriograms showing 
bilateral marked elongation. 
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patients. Arteriographic evaluation of the internal carotid 
arteries showed that elongation was bilateral in 102 
patients. It was unilateral in 20 patients and was not 


} determined in eight. In 56 instances, an arteriosclerotic 


plaque was associated with elongation, and in three the 
plaque was stenosed and was the primary cause of symp- 
toms. There was no significant plaque associated in 90 
instances. The indication for operation (Table 1) was 
transient ischemic attack in 56 operations, stroke in 47 
operations, vertigo in 21, blackout in 19, progressive 
mental deterioration in four and asymptomatic pulsating 
retropharyngeal mass in one. The term transient ischemic 
attack as used here includes an attack in which there is 
a focal neurologic deficit due to selective ischemia of one 
portion of the brain. Vertigo and blackout represent 
transient ischemic attacks in which the ischemia is dif- 


+ fuse and which differ in the degree of severity of the 


ischemia. They are classified separately for purposes of 
analysis. In two of the patients with stroke the condition 
involved first the one side and then the other. Of the 
patients who had vertigo, two had opposite arteries op- 
erated upon for one of the other indications. 

As for the procedure which was carried out (Table 2), 
the common carotid artery was resected in seven in- 
stances, in three of which endarterectomy of the bifurca- 
tion was carried out concomitantly. The carotid bifurca- 
tion was resected with end-to-end anastomosis of the 
internal to the common carotid artery in 106 instances. 
Three of these required supplemental endarterectomy of 
the proximal internal carotid. In 34 instances, transplanta- 
tion of the artery under a sternomastoid muscle flap was 
carried out, and in two a plastic procedure to the artery 


w was done. The right side was operated on in 62 patients 


and the left in 65. Both sides were operated on in 11 
patients. In each instance evaluation of the availability of 





Fic. 8. Case 4. Right carotid arteriogram shows elongation of 
J internal carotid which presented as aneurysmoid pulsation in neck. 
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TABLE 1. Indication For Surgery 
Teh As 56 
Stroke 47 
Vertigo 21 
Blackout 19 
Progressive Mental Deterioration 5 
Pulsating Retropharyngeal Mass 1 





collateral flow by compression of the common carotid 
artery on the side to be operated for a period of 2 minutes 
was carried out. The occurrence of air hunger, aphasia, 
vertigo or more severe neurologic deficit was considered 
a positive test and occurred on 49 occasions, of which 
five were negative on the opposite side. The test was 
negative 95 times and, of course, five of these were 
positive on the opposite side. Two patients changed from 
positive preoperatively to negative on the table, and one 
changed from negative preoperatively to positive on the 
table. Anesthesia used (Table 3) was general with 
hypothermia in 16 operations, general with hypothermia 
plus shunt one time, general with shunt alone one time 
and general anesthesia without any measure to provide 
collateral flow was carried out five times. A total of 23 
operations were performed under general anesthesia. The 
procedures under hypothermia and/or with shunt were 
employed early in the series in patients in whom the 
carotid compression test was positive. Local anesthesia 
was employed in 126 operations, and since August of 
1966 all except four operations have been done under 
local anesthesia, carrying out transplantation in those 
who were positive to compression. 

In the assessment of results a grade of excellent, good, 
fair or poor was assigned. Excellent signifies complete 
recovery from any neurologic deficit and remaining 
asymptomatic since. Good indicates a case in which the 
course of the disease has been unequivocally altered but 
in which minor symptoms may persist, such as occasional 
slight vertigo in a patient who was experiencing black- 
outs, or failure to recover totally from the neurologic 
deficit of a stroke. A grade of fair was assigned when the 
patient was better than preoperatively, but continued to 
have symptoms which were troublesome. Poor was used 
to denote patients who died in the hospital or who failed 
to improve. They have been analyzed individually as to 
the cause of failure. A single grade was assigned to pa- 
tients who had both sides operated on for the same 
indication. If the two sides were operated upon for sep- 





TABLE 2. Operative Procedure 
Resection Common Carotid 7 
Resection Carotid Bifurcation 106 
Carotid Transplant 34 
Arterioplasty 2 
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TABLE 3. Anesthesia* 


TC Tr pti ec —v Prva 


General Alone 5 
General plus Hypothermia 16 
General plus Hypothermia with 

Shunt 1 
Local with Shunt i 
Local 126 


* Since 1966, local anesthesia has been used in all but four cases. 


arate indications, a separate grade was given for each. 
Except for hospital deaths (Table 4), patients who were 
available for follow-up for less than 1 year were excluded 
from final assessment. The basis of evaluation included 
personal interview and examination, evaluation by the 
family physician, or questionnaire answered by the pa- 
tient or his family, or combinations of these. Follow-up 
assessment was carried out in 107 patients. Analysis of 
the series as a whole shows our results to be excellent in 
28 per cent, good in 44 per cent, fair in 10 per cent and 
poor in 18 per cent. When viewed with respect to indica- 
tion for operation (Table 5), it becomes apparent that 
the best results were obtained in those operated for 
transient ischemic attacks ( TIA), where the grade was 
excellent or good in 82 per cent of the cases. Worst re- 
sults, conversely, were found in those operated upon for 
progressive mental deterioration, although the one good 
result obtained in this group was significant, occurring 
in a condition generally considered to be hopeless. 


Discussion 


In the 14-year period since our original presentation, a’ 
number of authors have reported the clinical relationship 


of carotid elongation to cerebrovascular insufficiency.?** 


investigated the relationship between kinking and re- 
duction of flow in arteries. 

Concerning its etiology, carotid elongation in children 
has given credence to the theory of its congenital origin 
due to failure of embryonic absorption of the third aortic 
arch as postulated by Kelley.1* However, the failure to 
develop symptoms of cerebrovascular insufficiency in any 


TABLE 4. Cause of Death 


In Hospital Late 

Original Stroke 2 4 
Contralateral Stroke 3 
Other CVA 1 3 
Cardiac 3 5 
Cancer 3 
Pulm. Embolism 1 
Suicide ji 
Pneumonia 1 
Unknown 7 

Total 6 28 
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TABLE 5. Results* 
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17 
Tia (38) E 45% 
14 È 
G F 37% 
F — 5% 
5 
P 13% 
8 
Stroke (38) E 21% 
16 
G 41% 
6 
F 16% 
8 
P 21% 
2 
Vertigo (16) E —— 12% 
8 
G ——— 50% 
2 < 
F — 12% 
4 
P 26% 
Blackout (12) E 25% Total Series 
8 
G 67% E 28% 
1 G 44% 
F — 8% F 10% 
P 18% 
P 0 
PMD (5) E 0 
1 
G — 20% 
1 
F — 20% 
3 
P 60% 


` * Includes follow-up study from 1-14 years. Except for hospital ee 
,, deaths short-term results are not included. . | i 
7,10-13,17,19-21,25,28,29 Tn addition Brice® and Derrick® have 


of our patients before the age of 45, many of whom still 
had no atherosclerotic narrowing of the collateral vessels, 
would tend to suggest an acquired condition. Addition- 
ally, the familiar progressive elongation of the aorta and 
other arteries, and the demonstration by Henley et al.” 
of degenerative changes in the walls of the involved 
carotid arteries in adults, tend to support the latter 
theory. As we have developed experience with this entity 
over the years, it has become apparent that in many 
instances it is selective elongation of the artery to a 
greater extent than that of its adventitia that leads to the 
tendency to buckle and kink. This in itself explains the 
rarity of obstructive symptoms in children in whom a 


+) 


congenital elongation should involve the muscularis andy 


adventitia equally. 

Since the outset we have been convinced that the 
development of symptoms depends upon the fortuitous 
positioning of the head in such a way that the vessels 


are kinked rather than merely elongated. While we E 
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seen three patients with complete obstruction due to 
kinking and many with lesser degrees of overt kinking on 
arteriograms, we also look for elongation which might 
logically be expected to produce kinking though such is 
not present at the time of the arteriogram. Roberts et al.*4 
demonstrated that the neutral position of the head is the 
one most favorable to full cerebral blood flow. It is in this 
position that most angiograms are made. Roberts also 
demonstrated in a group of cadavers of all age groups 
that flow ceased in at least one of the four vessels sup- 
plying the brain at some point throughout the range of 
“normal” positions in every subject studied. The older the 
patient, the more readily was flow occluded. Kinking 
must be considered as a dynamic affair with symptoms 
dependent not only on the degree but on the time in- 
terval involved. In our series, the patient frequently 
awakened with neurologic deficit. Presumably it is easier 
for the vessel to remain in an unfavorable position for 
extended periods during sleep. 

We have placed great reliance upon the carotid com- 
pression test preoperatively to estimate the relative safety 
of temporary occlusion of carotid flow. We feel that it is 
always best to resect the carotid bifurcation if it contains 
a plaque, however small. In 94 resections in which the 
compression test was negative, the only permanent neu- 
rologic deficit occurred before the vessel was to be oc- 
cluded, presumably due to middle cerebral thrombosis. 
The test should be repeated on the table before com- 
mitting oneself to resection because in one instance in 
this series the test changed from negative preoperatively 
to positive on the table. If the test is positive, then pro- 
cedures requiring occlusion of the vessel should be 
avoided if possible, for in 18 resections under such cir- 
cumstances significant increase in neurologic deficit oc- 
curred twice despite general anesthesia with hypo- 
thermia. 

Analysis of our poor results (Table 6) suggests that in 
a significant number of patients, kinking of the carotid 
arteries was not responsible for the clinical symptoms. 
Death in the hospital of three patients from myocardial 
infarction, occurring after uneventful operation under 
local anesthe sia, emphasizes the need for careful evalua- 
tion of the cardiac status. Obviously Stokes-Adams at- 
tacks can lead to many of the symptoms included as 
indications for operation. Hypertension per se did not 
seem to mediate against a good result, but hypertensive 
encephalopathy must be considered as a cause of vertigo 
or TIA, and cerebral hemorrhage must eliminated as 
- a cause of stroke. Diffuse intracerebral atherosclerosis as 
the primary cause of symptoms is especially difficult to 
eliminate, since it is so difficult to demonstrate angio- 
graphically and is present coincidentally with some fre- 
quency. We have learned to defer operation in the patient 
J with a severe neurologic deficit until it becomes apparent 
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TABLE 6. Analysis of Poor Results 

Tia (5) Unimproved 
Operative Complication (SBE) 1 
Hospital Death 2 


(a) Myocardial Infarct 
(b) Pneumonia 
Failure to Recover from Stroke (2 Died in 
Hospital) 5 
Hemorrhage into Infarct 1 
Recurrent Stroke (Kink Not Relieved by Trans- 
plant) 
Hospital Death (Myocardial Infarct) 
Unimproved 
Hospital Death 
(a) Myocardial Infarct 
(b) Cerebral Hemorrhage 
Unimproved 
Hemiparesis on Table 


Stroke (8) 


Vertigo (4) 


V N m — 


PMD (3) 


— I 


that significant improvement will occur, for carotid 
surgery is prophylactic and not therapeutic. 


Summary and Conclusion 


Our experience with 149 operations performed on 138 
patients with carotid elongation and kinking associated 
with symptoms of cerebrovascular insufficiency has been 
reported. The condition is felt to represent an acquired 
degenerative process which permits relatively greater 
elongation of the muscular wall of the artery than its 
adventitia. Symptoms depend upon the fortuitous posi- 
tioning of the head to cause kinking and upon the time 
it remains so. The condition is bilateral in the great 
majority of patients. Hypertension, heart disease and 
cerebral atherosclerosis are frequently present as well and 
must be eliminated as primary causes for symptoms. Cere- 
bral vascular insufficiency due to carotid elongation must 
remain a diagnosis by exclusion, but when such has been 
accomplished the very high percentage of good results 
should lead to a firm recommendation of an operative 
procedure which can be done in almost every instance 
under local anesthesia with virtually no risk and minimal 
morbidity. We prefer resection of the carotid bifurcation 
with end-to-end anastomosis in patients who tolerate 
compression of the common carotid artery for 2 minutes 
without symptoms. For those who cannot, transplantation 
of the carotid under a sternomastoid muscle flap has been 
a satisfactory alternative in most instances. 
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DISCUSSION 


Dr. ALTON Ocusner, JR. (Metairie): I think this is such a 
significant paper that many surgeons in this audience will be look- 
ing now for these carotid elongations and kinks. I would like to 
point out, however, that our neurologist confreres, with rare 
exceptions, think they have no significance at all. Of course, I do 
not agree with them; I agree with Dr. Quattlebaum that they are 
significant. 

In the last 4 years we have had 40 cases not associated with 
any significant stenosis in the carotid artery. A third of these are 
my own cases; the others are cases of two young men that I 
assisted, one of whom, Dr. Ricardo Del Real, is now practicing 
here in Boca Raton. 

From this experience, I think, particularly because there may be 
those who will be interested in looking into this subject further in 
terms of diagnosis and treatment, I would like to make a few 
cogent remarks. 

First, the only way this can be diagnosed is by angiography, 
and one does not look for murmurs, because there should not be 
any murmurs. Angiograms must be performed on people with 
symptoms of cerebrovascular insufficiency without murmurs. 

[Slide] This is a continuous condition, I think, with beginning 
elongation and folding back upon itself, and eventually complete 
looping or kinking. It is in these early stages that the symptoms 
are most likely to be seen. This complete looping is seen as an 
incidental finding sometimes, and may lead the neurologists to 
believe that none of this is important. This is, of course, one of 
the few diseases that I know of in which in the late stages the 
symptoms are less. 

[Slide] In taking angiograms, one must recognize that this con- 
dition is sometimes seen only in one plane, and it is usually the 
AP projection. This is a lateral projection of the carotid artery, 
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and if that is all you had, you would miss this condition. How- 
ever, there is a kink, or an uncoiling which can lead to kinking, 
when the X-ray is taken in the AP position. 

[Slide] This is just another example of the same thing. In the 
lateral position there is no evidence of kinking. In the AP po- 
sition there is a kink. 

[Slide] This is just one patient with X-rays in AP, with the 
head turned to one side and the head tumed to the other side. 
The kinking is seen in the AP position when the head is turned 
to one side, but not when the head is turned to the other side. 
So taking the X-ray in two planes may be necessary to com- 
pletely rule in or rule out this condition. 

The amount of kinking or coiling can be lessened or greatened 
by the position of the head, and sometimes if you want to take 
real effort, [slide] you can actually demonstrate the occlusion. 
This is an AP view of an uncoiled, potentially kinkable internal 
carotid artery, with the head extended. 

[Slide] This is the same patient with the head flexed, and the 
blood flow is cut off there. 

Regarding comments about treatment, we would have to take 
issue with the authors about the use of local anesthesia. We think 
that general anesthesia is important in the management of this 
condition, because if the kinking is to be completely overcome, 
the internal carotid artery must be dissected up to the base of 
the skull. Sometimes the kink will not be found except at the 
very base of the skull. In order to do this, you have to have re- 
traction on the base of the skull, and I think it is too much of a 
hardship on both the patient and the surgeon to do it under local 
anesthesia. 

Do not pull on the carotid! I think part of the etiology of this 
condition is the lack of elastic tissue, and I can assure you that 
traction on the carotid will put it apart. I have done this in two 
instances. We recovered from it, but I would not want anybody 
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else to have to go through what my coronaries went through at 
that point. 

Sometimes the external carotid can be preserved. Sometimes 
it is elongated too, and the whole system can be foreshortened 
without sacrificing the external carotid. 

We do not advocate resection of the carotid bifurcation, but 
of a partial segment of the common carotid. The internal carotid 
does not hold sutures well, and we prefer not to anastomose in- 
ternal carotid to common carotid, but rather common carotid to 
common carotid. 

When there is an associated stenosis, the common carotid 
should be cut very close to the bifurcation, and the vessel peeled 
back over the plaque like you peel a banana, to remove the steno- 
sis. We think that when you sacrifice the external carotid artery, 
you should leave the stump open to be ligated as the final stage, 
because you can flush the internal and common carotid through 
this system. 


Dr. JuLIAN K. QuaTTLEBAUM, JR. (Closing): In defense of 
local anesthesia, we, like you, do dissect the vessel all the way 
up to the base of the brain, but maybe the Georgia crackers are 
tougher than those people down in New Orleans, even though 
Tulane did whip Georgia this year in football. 

We do not have a big problem, giving morphine and atropine 
ahead of time. If they become restless on the table, a little in- 
travenous Demerol or Valium will relax them. 

We have done 96 resections under local anesthesia, and the 
only operative neurologic deficit that we have had under a local 
agent was in one who ultimately underwent transplantation. This 
patient developed a contralateral hemiparesis before the vessels 
were to be occluded; before we touched them. 

We have had no deficit in the 96 resections that we have 
done under local agents. It does afford us the opportunity to re- 
peat our compression test at the table by temporary occlusion of 
the vessel. We have had one person who was negative to com- 
pression in the office who became positive on the table, and we 
transplanted that vessel instead. 
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We use carotid compression as a prognostic method in all of 
our carotid surgery—for plaques as well—and we have found that 
if the test is positive, even in the presence of general anesthesia 
with hypothermia we have serious operative complications in 
about 10% of the cases. If the test is negative for 2 minutes, we 
generally proceed under a local agent to take advantage of the 
opportunity to test again before committing ourselves to resection. 

We feel in most of our cases that it is necessary to resect the 
carotid bifurcation. Actually, what we do is divide the internal 
carotid just above the bifurcation and sacrifice the external, be- 
cause so many of them have such elongation of the internal ca- 
rotid that the anchoring of the bifurcation by the external prevents 
us from getting it down low enough to eliminate the kink. 

Since the outset we have been convinced that the production 
of symptoms depends upon the fortuitous positioning of the head 
in such a way that the vessels are kinked, rather than merely 
elongated. While we have seen three patients with complete ob- 
struction due to kinking and many with lesser degrees of overt 
kinking on arteriograms, we also look for elongation which might 
logically be expected to produce kinking, though such is not 
present at the time of the arteriogram, just as Dr. Ochsner said. 

Roberts has demonstrated that the neutral position of the head 
is the one most favorable to full cerebral flow. In his group of 
cadavers in which this was studied, flow was never increased by 
turning the head away from the neutral position; and it is in 
this position, of course, that most angiograms are made. The fol- 
lowing slides demonstrate the potential effect of differing head 
position in the presence of carotid elongation. 

[Slide] The head is in the neutral position, and the artery tends 
to fold on itself. It comes up, goes back down, and it comes up 
this way. 

[Slide] The second slide shows the head turned toward the 
side in question, and the artery obviously kinks at this point. 

[Slide] The third slide, with the head turned the opposite way, 
shows complete obstruction of the internal carotid at that point, 
the dye going on off to the external. 


Endometriosis of the Bowel: Role of Bowel Resection, 
Superficial Excision and Oophorectomy in Treatment 


D of the bowel most commonly involves 
the lower colon and less frequently the appendix, 
cecum and terminal ileum to the level of Meckel’s diver- 
ticulum. No report of occurrence on the transverse colon 
has been noted by us. Sampson’s theory of origin from 
retrograde menstruation, ovarian implantation, ovarian 
hematoma formation, subsequent rupture and secondary 
implantations on the pelvic peritoneum may be correct 
in certain cases, but stimulation of mullerian-oriented 
celomic epithelium explains the frequent appearance of 
ectopic endometrium and especially elucidates the origin 
of distant growths from varying portions of the celomic 
cavity, including its limb buds. 

Endometriosis in the wall of the uterus, originally 
known as adenomyosis, was described before the turn 
of the century. T. S. Cullen stated that over a hundred 
cases were reported up to 1884; he reported his first 
case in 1892 and published a book? on the subject in 
1908. Robert Meyer,’® in 1909, described an extensive 
benign proliferation of intestinal epithelium up to the 
root of the mesocolon. In this case, a bowel resection 
was performed by Professor Mackendrodt. The lumen 
in the area of the lesion was markedly narrowed and 
slit-like. Within the mesocolon was a connective tissue 
tumor which projected into the bowel and produced a 
folding of the overlying mucosa. The photomicrographs 
in this paper appear characteristic of endometriosis. 
DeJong* reported a case with small bowel obstruction 
from endometriosis in 1913. Lockyer! in his book, 
“Fibroids and Allied Tumors” (1917), stated that litera- 
ture on adenomyomas of the alimentary tract was ex- 
tensive at that time. 
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In 1920, Cullen? described the distribution of ectopic 
endometrium in 18 cases, as is known today. He included 
the wall of the uterus, ovary, fallopian tube, uteroovarian 
ligament, rectovaginal septum, uterosacral ligament, 
round ligament, rectus muscle, umbilicus and bowel wall 
(Fig. 1). In one case the patient, aged 26, had diarrhea, 
intestinal spasms with each menstrual period, and bleed- 
ing from the bowel. The pain began a full day before 
the onset of menses. Exploration revealed adenomyoma 
of the rectovaginal septum and an independent growth 
of similar type in the sigmoid colon (Fig. 2). It was 
following Sampson’s contributions in 1921?® and 1922?° 
that the terms “endometrial adenomas,” “endometrial 
implants” and “endometriosis” began to replace the term 
“adenomyoma. 

In a significant paper, “Intestinal Adenomas of Endo- 
metrial Type,” J. A. Sampson”? (1922) indicated that 
half the cases with endometrial cysts of the ovary will 
have degrees of endometriosis on some portion of the 
intestinal tract, which may form (1) superficial and 
surface implantations, (2) nodules between adherent 
folds of peritoneum, or (3) deep invasion into the bowel 
wall, which may constrict and obstruct the lumen. In 
12 cases, the sigmoid colon was resected twice and the 
ileum once, each with end-to-end anastomosis. In the 
remaining nine, the bowel lesions were not excised but ~n 
the uterus, tubes and ovaries were removed. He sug- 
gested that the bowel lesions may be left undisturbed 
if they appeared benign and treatment be restricted 
to excision of the pelvic organs. He added that the 
operative treatment for extensive bowel endometrosis 
was an unsettled question. 
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Little appeared in the literature until Sutler,?* in 1947, 
reported 35 cases with endometriosis of the intestinal 
tract. McGuff, Waugh, Dockerty and Randall,’® in 1948, 
described three cases with intestinal obstruction of the 
terminal ileum and summarized 13 similar cases in the 
literature. In 1950 Grimes cited six cases with endo- 
metriosis of the colon relieved by castration. A seventh 
had carcinoma of the sigmoid associated with endo- 
metriosis. 

Two unusual reports related to the use of testosterone 
in relieving symptoms. Marshak and Friedman," in 1950, 
described a constricting lesion of the sigmoid relieved 
by testosterone treatment for 8 weeks. Rencoret and 
Vargas,' of Chile, (1954) reported an extraordinary case 
with persistent, obstructive and recurrent endometriosis. 
The patient had rectal, ovarian and intestinal lesions 
which required bilateral oophorectomy. Three subse- 
quent laparotomies were performed for ileal obstruction 
attributed to recurrent endometriosis, possibly stimulated 
by adrenal estrogens. Finally, relief of symptoms fol- 
lowed prolonged therapy with androgens. 

Johnson, Coppola and Moll,!° in 1957, reported six 
constricting lesions of the sigmoid from endometriosis 
(all of which were treated by resection), of which three 
were thought to represent carcinoma. They discouraged 
castration as the sole treatment because partial ob- 
struction continued. Lesh and Hathcock,!2 in 1955, re- 
ported a case with abdominoperoneal resection and 
permanent colostomy in a case thought to represent car- 
cinoma. The pathologic diagnosis was endometriosis. 

Hauck,’ in 1960, reported before this association, eight 
cases of endometriosis of the sigmoid colon among 356 
cases operated on for endometriosis. Five were diagnosed 
as carcinoma, six had end-to-end resection, one a wedge 
resection and one castration. In 1965, Cromer! had six 
cases of endometriosis of the sigmoid, all of which were 
resected. In 1965, Gray’ reported 17 cases of endometrio- 
sis of the colon, five with resection and end-to-end an- 
astomosis and 12 with resection of the anterior wall of 
the bowel. Lees,” in England in 1966, reported ten cases 
involving the rectosigmoid; he stated that removal of 
the ovaries does not always allow shrinkage of the bowel 
lesions and relief of symptoms. 

This short summary gives some general understanding 
of the literature on the subject of endometriosis of the 
bowel and may sugest that bowel resection has been 
the treatment of choice. On the contrary, the bowel 
has been rarely invaded by the gynecologist and castra- 
tion has been the usual treatment, While some authors 
have suggested that estrogens may be administered 
after castration alone, a general opinion pervades that 
estrogens will stimulate further growth of endometriosis 
and increase in symptoms. 

In this report, 179 cases with endometriosis of the 
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Fic. 1. Various areas in which endometrial mucosa had been found 
50 years ago are similar today. (from Cullen, T. S. The Distribu- 
tion of Adenomyomas Containing Uterine Mucosa. Arch. Surg. 
1:215, 1920. Reprinted by permission). 


bowel (occurring in some 1500 cases operated for endo- 
metriosis ) are analyzed in three groups. In 81, apparently 
all endometriosis was excised without entering the lumen 
of the bowel. In the second group of 61 cases, not all of 
the endometriosis was excised, either due to extensiveness 
of the lesions or lack of bowel preparation. In the third 
group, 37 cases had bowel resection for extensive lesions, 
impossible to excise otherwise, with end-to-end anas- 
tomosis in ten and excision of full thickness of the 
anterior wall in 27 cases. 


I. Apparent Complete Surface Excision Bowel Endo- 
metriosis, (81 Cases) 


Apparent complete excision of lesions without enter- 
ing the lumen of the bowel was carried out in 81 cases 
(Table 1). A preoperative diagnosis of pelvic endome- 
triosis was made in 78 of the 81 cases from palpation 


Fic. 2. Endometriosis in the rectosigmoid and free portion of the 
sigmoid (Cullen, T. S. The Distribution of adenomyomas Con- 
taining Uterine Mucosa. Arch. Surg. 1:215, 1920. Reprinted by 
permission ). 


of the disease in the cul-de-sac, uterosacral ligaments 
and rectal wall. Because of concomitant endometriosis in 
the ovaries, myomas, and age after a reasonable child- 
bearing time, the uterus and both ovaries were preserved 
for childbearing in only nine of this group. 
Seventy-nine had estrogens postoperatively, 25 from 
their own ovaries and 54 from oral estrogens given in 
small dosages.* Two had none. Pain was relieved in 65 
of the total. Nine of those with estrogens developed 
recurrent palpable endometriosis and seven others de- 





* The estrogens used in all cases was conjugated equine estro- 
gen in dosages of 0.3 mg., 0.6 mg. and occasionally 1.25 mg. 
daily. (Premarin, Ayerst Laboratories. ) 


TABLE 1. Endometriosis of Bowel 





Group I. Bowel Not Entered. Complete Excision. 
Cases: 81. Preop. Diagnosis Endometriosis 78 





Operations: 
Uterus and Bilateral S & O 56 
Ovaries Retained 25 
Estrogens Postop: 79 Cases 


Ovaries Retained 25 

Oral Estrogens 54 

None 2 
Results: 81 Cases. (Estrogens 79) 

Recurrent endometriosis or symptoms 16 


Palpable 9 
Pain 7 


(Retained ovaries 5) 
(Retained ovaries 3) 
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TABLE 2. Endometriosis of Bowel 


Group II. Bowel Not Entered. Incomplete Removal. 


Cases: 61 Preop. Diagnosis Endometriosis: 51 
Operations: 
Uterus and Bilateral S & O 53 
Ovaries Retained 8 
Estrogens Postop: 46 Cases 
Ovaries Retained 8 
Oral Estrogens 38 
None 15 
Results: 61 Cases (Estrogens 45) 
Recurrent endometriosis or symptoms 10 


Palpable 8 (Retained ovaries 2) 


Pain 2 (Retained ovaries 1) 
Marked residual endometrioisis 
(estrogens intermittently) 17 





veloped symptoms suggesting recurrent endometriosis. 
Five with conservation of ovaries and retained uterus 
developed palpable recurrences. Three others with re- 
tained ovaries developed pain. Of the 56 cases with both 
ovaries removed and receiving estrogens, eight developed 
masses or symptoms thought related to endometriosis. 
Discontinuation of estrogenic therapy in those cases 
relieved the pain and menopausal symptoms recurred. 

In this series, when endometriosis of the bowel and 
pelvis appeared totally excised, palpable recurrence or 
symptoms recurred in 16 of 79 cases with estrogens (23.1 
per cent). Twenty-five of those had retained ovaries, of 
which eight had recurrence. However, 76.9 per cent 
of those with continued estrogens from 1 to 20 years 
remained free of evidence of recurrent endometriosis. 


II. Incomplete External Surface Excision Bowel Endo- 
metriosis. (61 Cases) 


Of the 61 cases with bowel endometriosis, clearly not 
all excised although attempted without entering the 
bowel (Table 2), a preoperative diagnosis of endo- 
metriosis was made in 51 cases from palpation of the 
disease in the cul-de-sac, uterosacral ligaments and rectal 
wall. Both ovaries and the uterus were excised in 53 
cases, because the ovaries were severely involved or the 
bowel lesions were quite extensive. The ovaries alone 
were excised in five, and the uterus and ovaries were 
preserved for childbearing in only three. Fifteen had 
such extensive residual lesions that no estrogens were 
given postoperatively. Bowel and pelvic pain were 
largely relieved in the latter but menopausal symptoms 
continued. 

Estrogens postoperatively were present in 46 cases 
with residual endometriosis, eight from their own ovaries 
and 38 from oral estrogens, commonly on an intermittent 
basis. Ten with estrogens have had evidence of recur- 
rence, six with palpable endometriosis and four with 
symptoms alone. Four patients in particular developed 
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marked bowel cramping with constipation or diarrhea, 
following small dosages of estrogens. 

Residual bowel endometriosis has remained largely 
asymptomatic while under the influence of estrogens in 
36 of the 46 cases. In 15 of the 36 the residual endo- 
metriosis in the bowel wall was moderate or marked 
and yet the patients were largely comfortable with estro- 
gens. Seven of these had residual rectosigmoid lesions. 
In eight the higher sigmoid lesions were limited to the 
antemesenteric border of the bowel. Estrogens were not 
given until 3-5 years later in two cases. One developed 
severe symptoms when given estrogens, 


III. Bowel Resection of Endometriosis. (37 Cases) 


In 37 cases, the full thickness of the bowel was re- 
sected (Table 3). Ten had end-to-end anastomosis, of 
which two involved the terminal ileum (one obstructed, 
Fig. 3) and eight involved the lower sigmoid (one ob- 
structed ). Twenty-seven had excision of the anterior wall 
of the sigmoid or rectosigmoid colon. Resections, whether 
end-to-end (Fig. 4) or excision of the anterior wall of the 
colon, were performed in two layers with double-zero 
chromic suture in the mucosa and interrupted four zero 
silk sutures externally. Bowel preparation, given to 21 of 
the 37 cases, consisted of castor oil (60 cc.) at noon the 
day previous to the operation, followed by neomycin 
(1 gm.) and sulfathalidine (1.5 gm.) each hour for 4 
hours, then at intervals of 4 hours until operation (Poth 
rapid preparation).'’ All received postoperative anti- 
biotics. Gastric suction was used in 11 cases, while 25 
were not allowed to speak or receive oral fluids until 
passage of flatus. Cecostomy was used in three cases; 
colostomy was performed in one for low obstruction 
before subsequent resection. 

A preoperative diagnosis of pelvic endometriosis was 
made in 33 of the 37 cases from palpation of the disease 
in the cul-de-sac, uterosacral ligaments and rectal wall. 
The uterus and both ovaries were excised in 28, the 
uterus and one ovary were removed in four, while five 
had conservative operations which preserved possible 
fertility. Two of the latter five have had one and two 
children each. Also, three of the latter five had had 
recurrence of marked endometriosis, including one with 
two children subsequent to the operation. Four of the 
37 patients had previous conservative operations for 
endometriosis, with complete excision the second time. 
Four of the 37 patients had received high dosage pro- 
gestin therapy daily for 5 to 7 months previously without 
improvement. 

The ages of these 37 patients varied from 25 to 49 
years, nine being between 31 and 35 years, ten between 
36 and 40 years, and eight between 41 and 45 years. 
Twenty-four were above the age of 36 years. Previous 
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TABLE 3. Endometriosis of Bowel 


Group III. Bowel Excised. All Endometriosis Removed. 
Cases: 37. Preop. Diagnosis Endometriosis 33 


Operations: 
Uterus and Bilateral S & O 28 
Ovaries Retained 9 
End-to-End 10 
Anterior Wall 27 

Technic: 
Bowel Preparation 21 
Gastric Suction 11 
Silence 26 
Cecostomy 3 
Colostomy 

Estrogens Postop: 36 Cases 
Ovaries Retained 9 
Oral Estrogens 27 
None 1 


Results: 37 Cases 
Recurrent endometriosis or symptoms 
Palpable 3 (Retained ovaries 3) 
Pain 6 








pregnancy had occurred in 21 (56.7 per cent) and had 
not been attempted in eight. 

In follow-up of the 37 cases for 6 months to 15 years, 
palpable endometriosis reappeared in three cases (with 
retained ovaries), while six others (with oophorectomy 
and estrogens) developed mild or moderate symptoms 
which suggested recurrence. On the other hand, 28 cases 
have remained asymptomatic and have no palpable en- 
dometriosis. Nine had one or both ovaries intact, 27 
received oral estrogens and one received no oral estrogen. 


Discussion 


Intestinal symptoms, in addition to the usual gyne- 
cologic complaints of acquired dysmenorrhea, dyspare- 
unia, menometrorrhagia and sterility, suggest involve- 
ment of the bowel when endometriosis is palpated in 





Fic. 3. Endometriosis of the terminal ileum causing obstruction. 
Symptomatic exacerbations after oophorectomy when estrogens 
were given. 
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Fic. 4. Endometriosis of the rectosigmoid causing severe obstipa- 
tion and menstrual pain. Recurrent endometriosis of ovaries and 
posterior uterus, following conservative ovarian resections 6 years 
earlier. 


the pelvis. These include marked constipation, obstipa- 
tion or diarrhea with the menses. Diarrhea may persist 
throughout the month. Indigestion, nausea, vomiting, 
daily cramping and rectal pain also occur. On the other 
hand, on occasion, marked endometriosis of the bowel 
may produce no symptoms. Obstruction in the ileum, 
partial or complete, does occur, as does obstruction in 
the sigmoid colon. The palpation of typical tender nodu- 
larities through the rectum confirms the diagnosis of 
pelvic endometriosis, and in those cases with intestinal 
symptoms, suggests the possibility of higher lesions in 
the intestinal tract. 

In 162 of 179 cases with significant bowel endometrio- 
sis, a preoperative diagnosis of pelvic endometriosis was 
made from rectovaginal examination (90.5 per cent). On 
the other hand, only 21 of 37 cases who merited resection 
of the bowel wall had preoperative bowel preparation, 
which indicates that the severity of the bowel involve- 
ment was not always appreciated. 

In none of the cases reported here was the mucosa 
perforated, nor was bleeding from the bowel noted. 
X-ray films of barium enemas revealed no accurate 
diagnosis. Commonly, impingement of the lumen was 
not demonstrated. Proctosigmoidoscopy revealed normal 
mucosa and extrinsic pressure. These latter examinations 
served to exclude carcinoma and were helpful at ab- 
dominal exploration. 

When bowel lesions which represented endometriosis 
were found at operation, differential diagnosis ordinarily 
was not difficult in this series. The puckered, retracted 
area on the antemesenteric surface of the bowel, with 
rusty-brown or purple granular appearance, ordinarily 
indicated endometriosis. Less often a constricting lesion 
extended around the entire bowel, but usually brownish 
granular endometrial growths were found on the pelvic 
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peritoneum and ovaries, commonly with the formation 
of endometrial cysts. This association made the diagnosis 
of simultaneous bowel endometriosis likely. However, 
recorded cases in the literature note that pelvic endo- 
metriosis and bowel carcinoma may exist together. 
Differentiation from carcinoma of the bowel always 
was considered. When the diagnosis was not clear, ex- 
cision and biopsy were contemplated. Training and 
experience in bowel surgery are important in these 
situations. 

In younger women conservative excision of endo- 
metriosis to preserve fertility was carried out. In cases 
with extensive bowel lesions, as a rule, the endometriosis 
was widespread and commonly the ovaries were severely 
involved, so that hysterectomy and oophorectomy were 
necessary. 

In all cases with operations for symptomatic pelvic 
endometriosis, including those on the ovaries and pelvic 
peritoneum, total excision of the growths was attempted. 
Results from such conservative operations have been 
documented by several surgeons (Gray). Dissection 
of endometriosis from the bowel wall is advised when 
possible (Gray). As the endometriosis becomes more 
extensive, conservative excision is possible less frequently. 

Pelvic endometriosis requires operation only if symp- 
toms are marked or the diagnosis does not exclude 
malignant disease. This especially refers to the persistent 
adherent ovarian cyst, which usually requires operation. 
If laparotomy is performed for another reason and 
asymptomatic endometriosis is found, implants and cysts 
involving the pelvic organs ordinarily are excised. An 
asymptomatic nodule in the bowel first requires an accu- 
rate diagnosis. If a strong opinion of endometriosis exists, 
excision may not be necessary. In the 179 cases reported 
here, there was little or no doubt of the gross diagnosis, 
and in no instance was the diagnosis proved incorrect. 
However, doubt in diagnosis will exist in individual cases 
from time to time. In those instances, excision biopsy is 
indicated. In the menopausal woman with marked 
asymptomatic bowel endometriosis found incidentally at 
laparotomy, oophorectomy is to be considered. Estrogens 
may be used cautiously thereafter. In a number of 
cases reported here with sizeable residual lesions of 
endometriosis, castration was performed and estrogens 
were given intermittently or continuously with good re- 
sults. On the other hand, in the case with marked in- 
testinal symptoms and severe lesions, excision of bowel 
endometriosis, with resection as necessary, and com- 
monly with the pelvic organs, is the preferred approach 
in this opinion. 

Colostomy has been performed rarely in this experi- 
ence (in only one case with complete low obstruction, 
followed by subsequent excision and restoration of bowel 
continuity). Cecostomy was used three times. These 
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diverting operations with bowel resections possibly have 
not been used often enough. Cecostomy is especially 
appealing as it averts a second operation. 

No real difference was noted in the postoperative 
course of patients with and without antibiotic bowel 
preparation. However, preoperative bowel preparation 
is used if an extensive bowel lesion is suspected. Castor 
oil alone produces a clean, empty bowel and probably 
should be used more frequently. 

Postoperative antibiotics were given when the bowel 
was resected. Nasogastric suction was used in 11 of 37 
patients with open resection of the bowel. The remainder 
had requested complete silence and complete restriction 
of oral intake to prevent air swallowing until flatus was 
passed. No unusual distention followed in those cases. 
None of these 179 patients had appreciable postoperative 
complications and. all recovered. 

Attempts to compare these three groups of patients are 
difficult, largely because the degrees of bowel involve- 
ment were progressive. In Group I, of 81 cases with 
apparent complete excision of endometriosis without en- 
tering the bowel, sixteen developed recurrent palpable 
or symptomatic endometriosis over a period of years. 
Obviously, not all endometriosis was excised surgically 
although the operation seemed complete. In Group II, of 
61 patients with extensive disease, not excised totally, 
ten of 46 cases with estrogens developed increased symp- 
toms and palpatory evidence of endometriosis. But, in 36 
patients estrogens were continued, often intermittently, 
and with good results. Fifteen of these have taken con- 
tinuous estrogenic therapy over many years with few or 
no symptoms. In eight of these cases the antemesenteric 


- border of the freely movable sigmoid was involved. A 


lack of constriction and mobility of the bowel in the 
higher areas may explain the asymptomatic effect of 
estrogenic therapy over long periods of time. Residual 
partially excised cul-de-sac lesions did not react in seven 
cases after estrogen and may represent inactive scar tis- 
sue. Evidently following castration and partial excision 
of endometriosis many patients may take estrogens, often 
continuously, with marked improvement. 

Finally, in Group III patients with resection of the 
full thickness of the bowel wall (37 cases), palpable 
endometriosis re-appeared in three with retained ovaries, 
while intermittent symptoms in six suggested endome- 
triosis. Bowel resection for severe involvement was fol- 
lowed by great improvement. 

Since it is clear, at least to the author, that ordinarily 
residual endometriosis will continue to grow when estro- 
gens are administered after castration, the operations here 
reported have been designed to remove as much endome- 
triosis as possible, to preserve fertility when feasible, and 
to alleviate pain and allow the patient to receive estro- 
genic therapy. On the other hand, the marked variation 
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in the growth and symptoms of endometriosis is well 
known. This disease, as pointed out by Sampson 50 years 
ago, has vagaries and variations that are not explained. 
It may progress steadily for a period of time, only to 
become static and then grow rapidly again. Symptoms 
are extremely variable. The response to estrogens is, in- 
deed, different, but activity is progressive as a rule. 


Summary 


l. In 179 cases with endometriosis of the bowel, total 
superficial excision was performed in 81. Estrogens were 
continued in 79. Recurrent palpable endometriosis ap- 
peared in nine and symptoms in seven (20.2 per cent). 

2. Sixty-one cases with partial superficial excision of 
bowel endometriosis had continued estrogens in 46. Re- 
current endometriosis or symptoms appeared in ten of the 
latter. (21.5 per cent) 

3. In 37 cases with extensive endometriosis of the 
bowel, resections were performed (end-to-end in ten, and 
anterior wall of bowel in 27). Recurrent endometriosis 
was palpated in three and suggestive symptoms appeared 
in six. (24.3 per cent). In the three groups the endome- 
triosis was progressively severe. 

4, Conservation of fertility was performed in only 17 
of 179 cases due to extent of the disease. Ovaries were 
conserved in an additional 25 cases. 

5. Intestinal obstruction was present in two cases (one 
ileum and one colon). 

6. Operations were performed for symptomatic endo- 
metriosis or for diagnosis and exclusion of malignant 
disease. 

7. As a rule the gross diagnosis at operation was clear. 
Excision-biopsy is indicated in doubtful cases. 

8. Asymptomatic bowel endometriosis found at opera- 
tion may be left undisturbed in the young for the time, 
or castration may be performed in menopausal patients. 

9. Certain symptomatic patients may have relief from 
castration and may receive cautious estrogenic therapy. 
However, continued estrogens may cause recurrence or 
continued growth of endometriosis. Complete excision of 
endometriosis, whether pelvic or intestinal, to relieve 
symptoms and allow subsequent estrogenic effects is the 
procedure of choice when feasible. 
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DISCUSSION 


Dr. Joseru H. Prarr (Rochester): Dr. Gray has given us an 
excellent summation of his extremely large experience with, and 
long interest in endometriosis of the intestinal tract, All abdomi- 
nal surgeons, sooner or later, will encounter the problem of 
endometriosis involving the bowel. When it happens, one must 
make the decision, first, as to diagnosis; second, as to the timing 
of treatment and, third, as to what should be done. 


How often does this occur? Kratzer and Salvati [Am. J. Surg., 
90:866, 1955] reported that in 77, or 34%, of 225 patients with 
endometriosis, the bowel was involved with the endometriosis. 


We have conducted a study on my own service over a 5-year 
period. There were 543 laparotomies on patients from 15 to 55 
years of age, excluding those with carinomatosis and postradiation. 
In 280 patients, or 52 per cent, we could identify endometriosis; 
and of the 280 who had endometriosis of all degrees, 94, or 34 
per cent—almost exactly the same figure as Kratzer’s—had endo- 
metriosis of the bowel. 


I would like to ask Dr. Gray if his patients who have endome- 
triosis seem to correspond to these statistics. 


It should be emphasized, as Dr. Gray has, that endometriosis 
is a widespread disease. The lesions are not single, they may be 
multiple, and occur in multiple sites, and one should expect this. 
Even though the Sha eat is the most commonly involved por- 
tion of the bowel, other areas can and may be involved. Also, 
there may be involvement of the ileum, and so on, without ex- 
tensive endometriosis of the pelvis. 


[Slide] Recently, we operated upon a 45-year-old patient who 
was completely symptomless from the standpoint of the intestinal 
tract. We were exploring her for pelvic endometriosis under the 
impression that the disease was primarily in the ovaries, which 
it was. But she also had three obstructing lesions in the distal ileum 
and a fourth area was in the sigmoid. 

We first resected the ileum, then resected the sigmoid. This 
is the type of problem that will occasionally be encountered with 
endometriosis of the bowel. 

One must resect such areas. You cannot be certain that with 
ablation of the ovaries the lesions will subside. They might, but 
if, subsequently, the patient is to receive estrogens, the lesions 
may perfectly well be reactivated and then obstruct the bowel. I 
think the best treatment for the patient under these circumstances 
is to make the decision to resect the obstructing lesions. 

Our feeling is that if the endometriosis is causing 40 to 50% 
diminution in the lumen of the bowel, or if the endometrial lesion 
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completely surrounds the bowel, then one should resect the bowel, 
since castration for relief may not be effective. 


Secondly—and it was emphasized by Dr. Gray in his paper-— 
in the young patient with partially obstructing lesions but who 
wants to retain her uterus, tubes and ovaries, one should resect 
areas of endometriosis of the bowel. The continuity of the bowel 
can be re-established and the ovaries, tubes and uterus can be 
retained. A number of these patients will reproduce. The only 
suggestion I can make for that situation is to advise the girl that 
when she gets out of the hospital she should go right home and 
get to bed. She may not have much time for conception, and 
she should start now. 


[Slide] These are our 94 patients with endometriosis of the 
bowel. Of course, the rectosigmoid was the most commonly in- 
volved region, the sigmoid next, but then it is found in the ap- 
pendix, the ileum, the cecum, even in the rectum. We had to 
resect the bowel in 11 of these patients. The 14 cases of endo- 
metriosis of the appendix were interesting but entirely incidental. 
If we can suspect that there is an obstructing lesion in the bowel, 
we will put Dee atients on a 2-day colon prep preoperatively, 
with antibiotics, dleansing enemas, and so on. But if we en- 
counter the lesions unexpectedly, we resect them anyway, trust- 
ing in the preoperative cleansing enema; afterward the patients 
are given antibiotics. We have not had to use any proximal 
colostomies in these patients. 

I would like to ask Dr. Gray: (1) Does he use a preoperative 
colon preparation in extensive endometriosis when he does not 
know whether the bowel is involved? (2) How long does he wait 
after operation, when he has had to resect bowel or ablate all 
the ovarian tissue, before these people are given estrogens? 


Dr. Georce B. Sanpers (Louisville): I am sure we are all 
aware that Dr. Gray’s paper represents an immense experience, 
not only with endometriosis, but with endometriosis of the bowel. 
Consequently, it is with considerable hesitation that, with my 
meager experience in these matters, I arise to discuss his paper 
and to describe interesting patients with endometriosis involving 
the mid-rectum, extensively in the pelvis, and also the left ureter. 

The first of these was a young woman in her mid-thirties, who 
had had earlier obstructive manifestations involving the rectum 
and large bowel, and most obviously had extensive pelvic endo- 
metriosis. She had never been pregnant. 

At operation a very extensive process of endometriosis was 
found, involving most of the adjacent pelvic organs—the uterus, 
the mid-rectum, the left tube and ovary, and to a lesser extent the 
right tube and ovary. 
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As the dissection progressed, while doing a total hysterectomy, 
with removal of both tubes and ovaries and all endometrial tissues, 
it was found necessary to identify the incarcerated left ureter at 
the pelvic brim. We dissected downward very carefully to avoid 
damaging it, and finally transplanted it laterally out of the field 
of operation and of subsequent cicatricial healing. 

After this had been done, the entire endometriosal mass was 
dissected, and the patient responded well. 


About 6 months after operation, due to very distressing meno- 
pausal symptoms, she was permitted to take exogenous estrogen, 
and almost immediately manifestations of recrudescence of the 
residual endometriosis in the pelvis were detected, and by recto- 
vaginal examination it was easily seen that she was repeating 
the original process and would shortly be back in a bad situation. 
Consequently, estrogens were interdicted, and she has not had 
them since. 


It is now 15 years since operation, and she is perfectly well. 
She has had no further difficulty with the left ureter. 


The second patient was a woman of 70, who 30 years before 
had had a total abdominal hysterectomy and the removal of 
both tubes and ovaries for endometriosis. The operative protocol 
was not very descriptive, and did not emphasize bowel involve- 
ment or any extensive neighborhood involvement of pelvic organs 
or tissues. She took estrogens exogenously very freely for sev- 
eral years. Then she began to take them irregularly, as she grew 
older, and 5 years before I saw her she had stopped taking estro- 
gens entirely. 


When I saw her she had a very high grade obstruction of the 
mid-rectum—almost complete obstruction, which denied the pas- 
sage of a sigmoidoscope. At operation we found a circumferential 
stricture of the mid-rectum, again with involvement of the left 
ureter, the right ureter being entirely uninvolved. It was necessary 
to do a low anterior resection and also a ureteral transplant, dis- 
secting most carefully the left ureter and transplanting it laterally 
to avoid its inclusion in the cicatrix. 

She has done well. Of course, she will not take estrogens any 
further. 

I think there are three points which both Dr. Gray and Dr. Pratt 
have already mentioned: No. 1, the almost regular recrudescence 
of endcmetriosis years later, despite castration, if the patient takes 
exogenous estrogen. 

The other point which I wish to mention—and I hope that other 
people with much more experience than I will comment on this— 
is the involvement of the left ureter in deep pelvic endometriosis. 
Of course, anatomically one would expect the left ureter, not the 
right, to be involved in a neighborhood process such as this, but 
it seems striking to me, in the face of extensive endometriosis, 
requiring in one case low anterior resection of the rectum, and 
in the other case partial excision from the rectum of endometriosal 
implants, that with both ureters partially surrounded by endo- 
metriosis, only the left one was densely bound and almost ob- 
structed by this process. 


The third point which I think is outstanding—that is a scientific 
achievement of transcendental importance, I believe—is that Dr. 
Gray cemanded, and apparently succeeded in getting, a vow of 


silence from about 37 women, and I am sure we are all anxious 
to know how he did that. 


Dr. Witt1AM T. RumMace, Jr. (Louisville): We have been 
interested in the problem of small bowel endometriosis because 
of Dr. Gray’s association at the North Memorial Infirmary, and 
we have reviewed some of the cases that I and other members 
of this organization have encountered at that hospital. We have 
found that there are three general situations which are of concern 
to us, The first situation concerns the patient who has acute 
obstruction and is found to have endometriosis at laparotomy. 


Seccnd, the patient who also has an acute surgical abdomen, 
and in whom a preoperative diagnosis of acute appendicitis is 
made, only to discover when the cecum is drawn up that the 
appendix is normal. 

In reviewing our situations, we found that several of these pa- 
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tients had low grade small bowel obstruction due to endo- 
metriosis. 

The third situation which presents itself concerns the ycung 
female who has recurrent cramping abdominal pain, but not 
sufficient to warrant laparotomy under an acute set of circum- 
stances. Nevertheless, this patient undergoes laparotomy and is 
found to have small bowel, ileal endometriosis, which apparently 
is responsible for her symptoms. At least, resection of this seg- 
ment—of these multiple nodularities—has resulted in relief of 
the pain. 


Dr. Jonn C. Burcu (Nashville): Dr. Gray’s presentation again 
emphasizes the indivisibility of abdominal and pelvic surgery. 

It was not so long ago that the name of our Association was 
the Southern Surgical and Gynecological Association. In 1950 the 
situation in the training of gynecologists became so inadecuate 
that a committee was appointed from this Association to review 
and resolve the discrepancy that existed in the training between 
surgery and gynecology. The identical committee was appointed 
by the College and the American Surgical Association. 

This committee accomplished a great deal and one of the great 
things that evolved was the formation of the Society of Felvic 
Surgeons, by Dr. Meigs, who realized the indivisibility of ab- 
dominal surgery. 


Dr. Laman A. Gray (Closing): Doctor Pratt has indicated 
that endometriosis of the bowel occurred in 34 per cent of patients 
with pelvic endometriosis in their experience at the Mayo Clinic. 
Fifty years ago, Sampson reported that bowel involvement oc- 
curred in 50 per cent of his patients. If one counts the very small 
implants on the bowel wall, the number may be even greater. 
We are describing relatively marked lesions in about 15 per cent 
of our patients with pelvic endometriosis. 

Preoperative bowel preparation has been given to patients who 
have a preoperative diagnosis or strong suspicion of marked bowel 
involvement; however, in our series, bowel preparation was not 
given to a significant number and yet we had no serious complica- 
tions in 37 cases with open bowel resection. Undoubtedly, the 
clean or empty bowel is of great importance. Probably the pre- 
operative administration of castor oil to all patients with severe 
endometriosis would be a good routine, The possibility of some 
reaction to antibiotics mitigates against the routine administration 
of a preoperative bowel preparation of this type in every patient 
with endometriosis. 

When the ovaries have been removed and all visible endome- 
triosis has been excised, or the residual endometriosis is minimal, 
conjugated equine estrogens (0.6 mg.) are given on a daily basis 
beginning 6 weeks from the operation. We believe that the post- 
operative induration in the immediate period of healing is less if 
the administration of estrogenic hormone is delayed. Following 
the administration of estrogens, the patient is examined at regular 
intervals. This includes pelvic and rectal examinations and 
especially the breasts through the years. Recurrent pelvic indura- 
tion and pain indicate the estrogen should be discontinued, at 
least temporarily. Similarly breast nodules and cysts require the 
discontinuation of estrogens. 

Dr. Sanders has alluded to a case with postmenopausal symp- 
tomatic colon endometriosis without estrogens. Certainly symptoms 
relating to stricture may progress, even without postmenopausal 
estrogenic hormone. Colcock and McKittrick separately have re- 
ported patients who developed obstruction due to endometriosis 
many years after the menopause, apparently without estrogens. 

A further word regarding the vow of silence: this is recom- 
mended to the general surgeons, Patients having bowel resections 
are instructed not to speak after the operation until the bowel 
function is restored. Food and fluids also are completely restricted. 
The need for nasogastric suction is rare with this regimen. 


Protein Sparing Therapy during Periods of Starvation with 


Sepsis or Trauma 


G. L. BLACKBURN, M.D.,7** J. P. FLATT, PhD.,t G. H. A. CLOWES, JR, M.D.,** 


HE adequacy of the metabolic responses to trauma, 
Too and infection is dependent in large part upon 
the body’s ability to meet its energy requirements with- 
out excessively depleting its protein reserves even during 
caloric deprivation. The magnitude of the loss of body 
cell mass after disease has been described by Cuthbert- 
son, Munro, Moore,'* Kinney? and others. This protein 
loss has been shown to be sufficiently severe to impair 
wound repair, resistance to infection, synthesis of en- 
zymes and plasma proteins. 

We will present evidence suggesting that a major 
factor leading to a protein wasting state is the inability 
of the sick patients metabolism to adapt sufficiently to 
the use of endogenous fat stores so as to preserve the 
protein contained in the body cell mass. It would appear 
that higher insulin levels prevail in sick patients and 
exert an antilipolytic effect which, in curtailing fat mobi- 
lization and associated ketosis, appear to be in large part 
responsible for increased degradation of amino acids. 
When an isotonic mixture of amino acidstt was infused 
instead of the usual dextrose and water “D5W”, serum 


insulin levels decreased and efficient protein sparing 
could be achieved. 


Methods 
Metabolic balance studies were carried out at the 
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(Harvard) General Clinical Research Centers and the 
Harvard Surgical Services at the New England Deaconess 
Hospital and Boston City Hospital. Determination of cir- 
culating metabolic fuels, insulin and urinary nitrogen 
were conducted under four different conditions of total 
or partial starvation. 1) Three obese volunteers under- 
went a total fast, receiving only beverages containing 
no calories, minerals and vitamin capsules for periods of 
20 to 30 days. 2) Five obese volunteers participated in a 
weight reduction program during which they received, in 
addition to the above, twice daily a portion of meat 
providing approximately 1 Gm. protein/Kg. of body 
weight/day. Ten surgical patients with moderate protein 
catabolism (nitrogen losses of 7 Gm. + 2.3 Gm./day) 
studied during the course of intravenous fluid therapy 
with either 3) 5% dextrose solution (D5W) (to deliver 
100 Gm. dextrose/24 hours), or 4) 3% crystalline L-amino 
acid solutions containing essential and non-essential 
amino acidstt (to deliver 90 Gm. amino acids/24 hours). 
Intravenous feedings were initiated with either D5W or 
isotonic amino acid solutions. Blood analysis were per- 
formed every 48 hours and the type of intravenous fluids 
switched after 4 days so that each patient could serve as 
his own control, Details of the experimental protocol have 
been previously described.*® 

Glucose, lactate, pyruvate, $-hydroxybutyrate and 
acetoacetate were determined enzymatically after de- 
proteinization with perchloric acid, using procedures 
adapted from Bergmeyer.! Free fatty acids (FFA) were 
titrated acidimetrically.? Insulin was measured by a 
radio-immunoassay’® and urinary nitrogen by a micro 
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Kjeldahl method. The “substrate profile” was measured 
every 2 to 5 days. Daily urinary nitrogen (Nu) excretion 
was determined on 24-hour urine collections. The A Nu 
corresponds to the urinary nitrogen loss when on total 
fast or dextrose infusions, or to the difference between 
the grams of nitrogen administered in the form of lean 
beef protein or infused amino acids and the urinary 
nitrogen excretion. This value will be referred to as 
(A Nu). The overall nitrogen balance was calculated 
by adding 1% Gm. N to the urinary N lost to account for 
fecal and cutaneous losses.” 

Data are reported as means (xX) + standard deviation 
(SD), Significance for differences between group means 
were determined by calculation of the least significant 
difference as described by Snedecor.” 


Results 


Free Fatty Acid, Ketone Bodies and Nitrogen Balance 


In Figure 1 daily nitrogen balance (A Nu) and serum 
free fatty acid (= FFA) levels are shown as determined 
in the four metabolic situations studied. The greatest 
nitrogen losses are seen to occur when free fatty acids 
are the lowest, which is typically the case in the surgical 
patients receiving D5W. The same patients when treated 
with amino acids infusions showed a significant increase 
in FFA levels, from 0.4 + 0.2 to 1.0 + 0.2 mEq/L, (p < 
0.01) and the net N losses decreased in the average from 
—8.5 + 2.3 Gm. nitrogen/day to —0.4 + 1.8 Gm. nitro- 
gen/day (p — 0.01). In the obese patients undergoing 
weight reduction FFA were 1.0 + 0.4 mEq/L when re- 
ceiving a limited amount of protein, and 14 + 04 
mEq/L when starvation was complete. After 2 to 3 weeks 
of adaptation the nitrogen balance in the patients under- 
going total starvation shows a deficit of some 6 Gm./day, 
whereas on the weight reduction program with the 
limited intake of meat, net loss of nitrogen was sig- 
nificantly reduced (p < 0.01). 

Associated with elevation of FFA was the appearance 
of ketone bodies in the circulation. Figure 2 shows the 
correlation between ketosis and nitrogen balance. The 
surgical patients receiving intravenous glucose essentially 
had no ketonemia (serum £-hydroxybutyrate and aceto- 
acetate = 0.1 + 0.05 mM). The prevention of ketosis by 
limited carbohydrate administration has been one of the 
expressed purposes of therapy with intravenous D5W.18 
The same patients, when given isotonic amino acid in- 
fusions, developed ketosis within 36 hours, which was 
associated with considerable improvement in the nitrogen 
balance. Ketosis did increase with time during intra- 
venous feeding with amino acids reaching values of some 
2mM. 

Thus even after prolonged intravenous treatment with 
amino acids, ketone body levels did not approach those 
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Fic. 1. Relationship between serum free fatty acid levels and 
nitrogen balance during various periods of negative caloric bal- 
ance. Surgical patients receiving 100 Gm. glucose/day ( @), the 
same patients receiving 90 Gm. isotonic amino acid (A), weight 
reduction patients receiving 1 Gm./Kg./day of protein ((]), and 
human volunteers undergoing total starvation (>). Improved 
nitrogen balance was associated with higher free fatty acids in 
these periods of semistarvation. 


seen in the nonsurgical group of obese receiving a com- 
parable amount of protein in their weight reduction 
regimen, The surgical patients maintained comparatively 
higher insulin levels and the difference in the degree of 
ketosis can presumably be attributed to the antiketogenic 
action of this hormone. 


Insulin, Glucose and Nitrogen Balance 


The release of insulin by the pancreas increases with 
the concentration of glucose in blood. Figure 3 shows 
the relationship of glucose to insulin in the four physio- 
logical situations studied. The highest value for glucose 
and insulin were found in the patients receiving 5% dex- 
trose in water. The substitution of glucose by amino acids 
in the infusate led to significant decreases in the level of 
glucose from 123 + 15 to 85 + 11 mg./100 ml.: (p < 
0.01), and insulin from 31 + 6 to 23 + 5 U/ml: (p < 
0.05). In the weight reduction patients, supplying 40 to 
80 Gm. of protein per day caused only minimal and non- 
significant changes in blood glucose (57 + 8 instead of 
52 + 13 mg./100 ml. and insulin (9 + 4 instead of 9 
+ 4 »U/ml.) levels. 

Stimulation of insulin secretion by amino acids at this 
level of protein intake, and when blood glucose concen- 
trations are low, is thus relatively weak. It is of interest to 
note that on comparable intakes of amino acids or pro- 
tein, blood glucose and insulin levels were significantly 
higher in the surgical patients than in the individuals 
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Ketone Bodies and -N~Balance During Total and 
Partial Starvation j 
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Fic. 2. The correlation of serum levels of ketone bodies with 
nitrogen balance. Symbols are as in Figure 1. The appearance of 
Ketone bodies in the blood was associated with improved nitrogen 
balance. Efficient protein sparing in surgical patients was asso- 
ciated with lower serum ketone body levels than in the weight 
reduction patients. 


undergoing weight reduction (p < 0.01 and p < 0.01 
respectively ). 

Since insulin is considered to be the key anabolic 
hormone, the relationship between insulin levels and 
nitrogen balances is illustrated in Figure 4. As previously 
described substitution of glucose by amino acid infusion 
has the effect of decreasing insulin levels but this is asso- 
‘ciated with a striking improvement of the nitrogen bal- 
ance (p < 0.01)! The success of amino acid infusion as 
protein sparing therapy in surgical patients during pe- 
riods of semi-starvation on intravenous feedings, and of 
limited protein intake in patients undergoing weight re- 
duction, hinges on the ability of the absorbed amino 
acids to be utilized to replenish the amino acid pools 
which sustain protein synthesis rather than being ex- 
pended primarily for the production of energy. 

Figure 5 summarizes a long-term urinary nitrogen 
balance study conducted in a 32-year-old woman suffer- 
ing from a perforated duodenal ulcer caused by a sub- 
phrenic abscess. Urinary nitrogen losses were of 6 to 7 
Gm./day while receiving 5% dextrose solution intrave- 
nously. When the infusion of isotonic dextrose was re- 
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Fic. 3. Correlation of blood glucose levels with serum insulin 
levels. Symbols are as in Figure 1. The highest glucose and in- 
sulin levels were observed in the surgical patients receiving 100 
Gm. glucose for 24 hours. Insulin resistance in the surgical patients 
is suggested by elevated insulin levels during amino acid infusions 
as compared to protein ingestion in the weight reduction regimen. 


placed by the infusion of isotonic solutions of essential 
and non-essential amino acids, there was no significant 
increase in her urinary nitrogen excretion. After 17 days 
the patient returned to conventional protein sparing 
therapy using 5% dextrose in water. Despite the sharp 
reduction in nitrogen intake only a slight reduction in 
urinary nitrogen excretion took place. Thus total amino 
acid degradation during amino acid infusion without 
glucose is not much greater than during glucose infusion. 
However since the amino acid mixture supplies 9 Gm. 
amino acid nitrogen/day, the nitrogen balance can be- 
come essentially equal to zero. 

We have made similar observations in allowing an 
intake of 1 Gm. of protein/Kg. body weight/day in star- 
vation patients (Fig. 6). The urinary nitrogen excretion 
was nearly equal until the late. phase of starvation when 
nitrogen excretion remained constant and approximately 
equal to the protein nitrogen ingested, whereas in total 
starvation further reduction in amino acid catabolism 
took place. On balance, the limited intake of protein 
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prevents the protein losses which would be the conse- 
quence of complete starvation, while allowing for similar 
rates of reduction of the adipose tissue mass. Because no 
appreciable decrease in body cell mass occurs, the total 
weight loss is smaller than during total starvation. How- 
ever, upon returning to an isocaloric intake, the lean body 
mass need not be rebuilt and the considerable regain of 
weight seen after total starvation is avoided. This may 
provide a physiological and psychological advantage for 
the patient in helping him to stabilize his weight after 
the period of weight reduction. 


Discussion 


Extensive studies have been made on glucose and 
amino acid metabolism during the period of rapid pro- 
tein wasting which prevails in traumatized and septic 
patients. Lawson’? and others?! have pointed out the 
severe consequence of prolonged inadequate nutrition 
by its effect on morbidity and mortality on patients with 
ulcerative colitis, acute renal failure, peritonitis and se- 
vere burns. In patients who have sustained an acute 30% 
weight loss (% lean body mass and % fat by weight) there 
was near 100% mortality. The mobilization of endogenous 
fat stores has received very little consideration although 
it provides most of the substrate for energy production 
under conditions of severe negative caloric balance. Com- 
pared with starvation alone, starvation combined with 
sepsis was associated with impaired fat mobilization and 
reduced ketogenesis.? This sets the stage for a greater 
consumption of glucose and amino acids for the pro- 
duction of metabolic energy. 

Figure 7 describes the energy metabolism in prolonged 
starvation with quantitative values for caloric fluxes cal- 
culated from the data of Owen et alt" In starvation FFA 
levels are in the range of 1.1 to 13 mEq/liter, the RQ 
approaches 0.7,1! indicating that fat is the major meta- 
bolic fuel used for the production of energy. Such free 
fatty acid levels and respiratory quotients are achieved 
after three days of starvation. This creates conditions 
permitting a gradual reduction of protein catabolism. 
Nitrogen loss can in this manner be reduced to rates as 
low as 4 to 5 Gm./day late in starvation.‘* Under these 
conditions protein catabolism provides only 5% of total 
caloric expenditure, while fat oxidized directly to CO» 
provides 60% and FFA conversion to ketone bodies an- 
other 10%. Ketone bodies supply the peripheral tissue 
with some 500 calories or 25% of the total caloric expendi- 
ture. 

The metabolic effects due to increased protein break- 
down when sepsis is superimposed on starvation are 
shown by bent arrows in Figure 7. The increase in pro- 
tein catabolism is associated with increased glucose and 
increased insulin levels and decreased free fatty acid and 
ketone body levels.* Under conditions of caloric deprava- 
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Fic. 4. Correlation of nitrogen balance with serum insulin levels. 
Symbols are as in Figure 1. Elevated insulin levels were asso- 
ciated with the greatest nitrogen losses. Adequate levels of insulin 
during amino acid infusion and protein injestion are evidenced by 
maintenance of nitrogen balance. 
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Fic. 5. Accumulated urinary nitrogen excretion and nitrogen bal- 
ance during treatment with isotonic infusions of dextrose in water 
or amino acids. The administration of amino acids resulted only in 
a slight increase in nitrogen excretion and was associated with 
neglible net protein loss. 
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Fic. 6. Accumulated nitrogen loss in two patients on total starva- 
tion or on an intake of 1 Gm. protein/Kg. body weight/day. 
Urinary nitrogen excretion was not increased by the protein 
intake until late starvation, when adaptation resulted in de- 
creased gluconeogenesis from endogenous protein. The allow- 
ance of this limited protein intake essentially eliminated the nitro- 
gen loss observed in total starvation. Since an appreciable decrease 
in lean body mass occurred with this regimen, weight loss was 
smaller than in the totally starved control. 


tion the decrease in the availability of FFA and KB 
(Figs. 1 & 2) will lead to an increase in the consumption 
of glucose and amino acids for the production of energy, 
thereby aggravating or maintaining the trend toward 
rapid protein catabolism. The effect of insulin resistance 
during disease (Figs. 2, 3, 4) is accentuated by infusion 
of D5W. In the process of maintaining blood glucose 
levels increased amounts of insulin are required and in- 
terfere with fat mobilization. Clearly the mobilization 
of endogenous fat stores ought to be of primary concern 
in any attempt at improving therapies whose aim is the 
preservation of body protein. 

Ketogenesis is powerfully inhibited by insulin. Since 
ketone bodies stimulate insulin secretion, a feed back 
control exists which prevents ketosis from reaching 
pathological states in which ketonuria may become a 
threat to electrolyte/acid/base and water homeostasis. 
The blood ketone concentrations in the patients studied 
never approach those encountered in uncontrolled 
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diabetes mellitus. In fact, they remain below the concen- 
tration seen in total starvation, as the intake of amino 
acids or protein sustains slightly higher levels of glucose 
and insulin (Fig. 2). l 

The prevailing doctrine in the management of patients 
is to avoid the manifestation typical of the starvation 
state, particularly as regards ketosis.1® In view of the im- 
portance of ketone body metabolism in preserving body 
protein, this doctrine must be challenged whenever it is 
not possible to provide a patient with sufficient nutrition 
to reach or at least approach caloric balance. The data 
obtained in the patients studies presented here clearly 
show the advantage of unimpeded fat mobilization and 
ketosis (Figs. 1 and 2) for the sparing of protein. The 
current use of 5% dextrose and water as the sole source 
of exogenous calories appears to fall short of the optimal 
treatment possible by parenteral feeding with isotonic 
infusates. It is generally held that an intake of 100 Gm. 
glucose/day will achieve as much protein sparing as can 
be obtained by peripheral carbohydrate infusion.1? This 
amount of glucose is recommended also because it is 
sufficient to prevent ketosis. Additions of amino acids to 
isotonic glucose has been unsuccessful in improving 
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Fic. 7. Utilization of metabolic fuels in prolonged starvation. 
Double lined arrows described utilization of substrates for energy 
production with numbers describing the fluxes quantitately in 
terms of calories per day, as calculated from data of Owen and 
Cahill,1® for patients having undergone 5 to 6 weeks of complete 
starvation. The single lined arrows indicate the type of effect pro- 
voked by increased protein catabolism due to sepsis and trauma. 
(Figure taken from Ref. 5.) 
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nitrogen balance appreciably. Positive nitrogen balance 
was achieved by parenteral administration of amino acids 
only when combined with concentrated hyperosmolar 
glucose solution providing more than the daily caloric 
requirements.® 

With this background, the infusion of amino acids 
without any added glucose has not been given much 
chance of success. However, amino acids administered 
without glucose provoke a much smaller insulin response 
than when given in combination with glucose.** The 
antilipolytic effect of insulin is thus minimized when 
amino acids are infused without added glucose. In this 
manner an effective therapy for reducing protein wastage 
is possible. The use of peripheral isotonic amino acids 
effectively prevents the adverse consequence on protein 
metabolism due to starvation associated with disease. 


Summary 


Data to show the importance of adequate fat mobili- 
zation and the favorable effects of starvation ketosis dur- 
ing periods of negative caloric balance are presented. 
The protein sparing effectiveness of isotonic amino acid 
infusates free of glucose is demonstrated. The success of 
this new type of protein sparing therapv is attributed to 
the fact that this infusate stimulates insulin release less 
than dextrose containing solutions. The antilipolytic ac- 
tion of insulin is thereby reduced, allowing for increased 
utilization of endogenous fat stores. 
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I remember that we questioned this quite seriously at the time, 
but on repeating his observations with nitrogen balance studies 
in a number of patients, found that, while we could not always 
get nitrogen equilibrium, we quite often did. 

It is clear that eventually, if a patient is continued in negative 
caloric balance, one will not be able to keep him in positive 
nitrogen balance. At some point he will have to begin burning 
his proteins as well as his fats. I would like to ask the authors 
how many of these patients were under study for obesity. I think 
these are highly significant studies, and I want to congratulate 
the authors very much. 


Dr. STANLEY Duprick (Houston): The authors have shown 
what we have all suspected for many years, that nitrogen balance 
is only one parameter of nutritional of Ra oe or nutritional 
balance, and does not deserve the reliability we have placed upon 
it in the past. To really find out what patients are going through 
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and what we can do to modify their responses to catabolism of 
surgery and trauma, I think we are going to have to depart 
somewhat from nitrogen balance studies silanes and go even- 
tually into body composition studies, even into the intracellular 
levels and ratios of amino acids. Surgeons are going to have to be 
biochemists, in addition to being technicians and physiologists, and 
I think this paper underlines that fact. 

Nitrogen balance itself can be caused and temporarily held 
positive by the simple administration of intravenous urea. And 
urea supposedly has no nutritional value whatsoever—so that we 
have to be careful in using nitrogen balance as the sole parame- 
ter of measurement of the success of any type of nutritional 
program. 

Weight gain or weight balance has always been a problem 
because of the lack of differentiation between E ii water 
(which would be bad) or perhaps excessive deposition of fat 
(which might also theoretically be bad) and the formation of 
lean tissue in order to heal. These three components of body mass 
indicate that we are going to have to differentiate what weight 
gain or weight stabilization or weight loss represents. 

Weight gain and nitrogen balance should be indicators, or 
windsocks, but not the definitive measurement of the effectiveness 
of metabolic or nutritional therapy. 

Protein hydrolysates for intravenous use, as Dr. Rhoads has 
emphasized, have been around for more than 30 years, and it 
was possible to get patients into positive balance temporarily with 
the pure hydrolysate alone. And then, as you may recall, his- 
torically, 5 per cent dextrose was added to protein hydrolysates in 
order at least to provide some carbohydrate calories to maintain 
central nervous system nutrition. 

Then intravenous fat allowed us to increase the calories, hope- 
fully to meet caloric expenditures in severe catabolic states such as 
major third degree burns and superimposed infection and pneu- 
monia upon the major catabolism that adjoins trauma. 

If all these advances were so effective in improving morbidity 
and mortality of patients, then I think I have probably wasted 
the last 10 years of my life trying to reduce morbidity and mor- 
tality by trying to meet caloric and nitrogen requirements. We all 
have had patients who have simply not survived purely on a 
nutritional basis; and to have just given them amino acids, I have 
a feeling, probably would not have helped them much more, if 
you did not also simultaneously provide their caloric requirements. 

A patient that we treated, who actually was a weight-losing 
patient with the Scott operation for by-passing the small bowel, 
could not remain free of metabolic acidosis, or of uremia until we 
gave him (after he got into trouble following his operation) 3000 


calories a day in addition to 100 Gm. of amino acids, in order 


merely to maintain homeostasis, during a period in which he lost 
more than a pound a day for a month. And when we stopped 
what you would think was excess caloric administration, the pa- 
tient immediately became acidotic, uremic, and had metabolic 
problems again. 

Thus this is not a simple matter. Do not confuse simple starva- 
tion, or patients with obesity, with patients who are cachectic, 
and who really require all the possible attention you can give them 
in returning their body composition to normal. 

I think that the authors have made a valuable contribution here, 
in the sense that they have really pointed out that nitrogen balance 
in itself is not an adequate measure of the true efficacy of well- 
conceived nutritional programs, and that we must pay attention 
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not only to the nitrogen we give, but to the amount of calories 
we give, and to the type or quality of the nitrogen we give. 
Total parenteral nutrition is complex, and I hope that the mem- 
bership here and others would become the clinical biochemists 
that we are going to have to become, in addition to being the 
surgeons and the physiologists that we now are, in order to further 
the art and science of intravenous feeding and reduce surgical 


morbidity and mortality further. 


Dr. G. L. BLAcksurn (Closing): 

During periods of inadequate caloric intake such as the routine 
intravenous fluid replacement or strict diet the goal is to get the 
calorie deficiency met from the body’s fat stores. Each pound of 
fat contains 3,500 calories. In the present intravenous feeding 
weight loss comes 50% from fat and 50% from muscle tissue 
(weight per weight). This is primarily due to the requirement 
for glucose for brain metabolism and therefore protein is con- 
verted from glucose via gluconeogenesis. This intravenous fluid 
program replaces the amino acids lost via this process while lower- 
ing blood insulin and glucose levels. This then allows increased 
fat mobilization to meet the energy requirements. 

Dr. Rhoads is quite right in pointing out the potential of a 
weight reduction program of this concept. We are currently de- 
veloping a pilot program in which the protein saving diet has 
been carried out in patients up to 180 consecutive days, During 
this period of time a patient has lost as much as 100 pounds while 
nitrogen balance and K40 counting demonstrate no significant 
change in the body cell mass. 

We agree with Dr. Dudrick that when a patient is depleted 
of his protein mass hyperalimentation is indeed a most valuable 
therapy not only in treatment of the depleted nutritional state but 
in recovery from his illness. 

What we are suggesting is that the depleted state that results 
oe to the patient’s returning to oral, fed state or being placed on 
yperalimentation can be significantly reduced. The routine use 
of D5W results in an average of 7 + 3.5 Gm./nitrogen per day 
loss which is equivalent to % pound of muscle tissue. However 
the replacement of this solution with isotonic amino acids will 
compensate for the nitrogen loss and result in near nitrogen 
balance. Ketosis associated with this new metabolic state is not 
to be confused with diabetic ketoacidosis. Starvation ketosis is 
under careful control by insulin. In this state ketones replace 
glucose and therefore decrease the rate of gluconeogenesis and 
protein utilization for energy E As in the efficient 
state of total starvation glucose utilization is decreased as ketones 
become a substitute energy fuel. Thus fat contribution to the 
energy fuel requirement goes from 65 to 90%, 

The ideal fluid replacement per patient in an attempt to pre- 
serve body cell mass would be a solution that would allow 
maximal fat mobilization. Then in 2 or 3 weeks if the patient is 
unable to be returned to the fed state he may then be put on 
parenteral hyperalimentation without being significantly depleted 
of his protein tissue. 

While this investigation is in its preliminary phase the isotonic 
administration of amino acids has shown no adverse effect. Moni- 
toring of liver, kidney, cardiovascular and brain metabolism to- 
gether with wound healing have only shown favorable effects. 
Current investigation is directed toward optimizing these effects 
and characterizing these effects and characterizing a protein de- 
pletion associated with many disease states. 
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Peritoneal Drainage Versus Non-Drainage for Generalized 
Peritonitis from Ruptured Appendicitis in Children: 


» 


J. ALEX HALLER, JR., M.D., 


HE RATES OF MORTALITY AND MORBIDITY of acute ap- 
j beeen have steadily declined since the precise 
identification of this disease process by Fitts in 1887.3 
The protean ways in which this disease may present 
itself, especially in young children and in the elderly, 
may frequently baffle the most experienced physician. 


_ Indeed, .the pathogenesis of appendicitis remains ob- 


scure. The mortality of ruptured appendicitis is still ex- 
cessively high, especially when the diseased organ can 
be easily excised without functional deficit. Intra-ab- 
dominal abscesses and generalized septicemia are the 
major causes of mortality from ruptured appendicitis. 
The most impressive gains in the management of this 
disease have come through adequate fluid and colloid 
replacement to correct losses into the inflamed peri- 
toneal cavity, and powerful, specific antibiotic agents to 
help the patient heal the generalized purulent process. 

One area of continuing controversy in the therapy of 
generalized peritonitis associated with ruptured ap- 
peridicitis has been the use of peritoneal drainage in the 
managemient of gross peritoneal contamination and gen- 
eralized purulent peritonitis. In adult patients, drainage 
has not been generally advocated because of a consensus 
that a drain rapidly becomes walled off and ineffective.18 
On the other hand, most children’s surgeons have been 
insistent on the use of drainage, especially in infants 
and younger children in whom there may be less ability 
to localize infection and in whom drainage may be 
more effective because of their small peritorieal cavi- 
ties. 


Presented at the Annual Meeting of the Southern Surgical Asso- 
ciation, December 4-6, 1972, Boca Raton, Florida. 
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A Prospective Study 


I. J. SHAKER, M.D., JAMES S. DONAHOO, M.D. 
LOUISE SCHNAUFER, M.D., JOHN J. WHITE, M.D. 


From the Division of Pediatric Surgery, 
The Johns Hopkins University School of Medicine, 
Baltimore, Maryland 21205 


If transperitoneal drains effectively evacuate pus from 
the abdominal cavity, then their use should decrease 
morbidity and lower mortality in patients with gen- 
eralized peritonitis associated with ruptured appendi- 
citis. On the other hand, the potential hazards of sec- 
ondary infection and foreign body complications may 
negate any theoretic advantages of peritoneal drainage. 
Immediate aggressive management with systemic anti- 
biotics alone may be equally effective and would ob- 
viate potential complications of transperitoneal drainage. 

To evaluate the efficacy of transperitoneal drainage in 
children with generalized peritonitis from ruptured ap- 
pendicitis, we have carried out a double blind, prospec- 
tive study which includes 43 patients in the last 6 years. 
on the Children’s Surgery Service of The Johns Hopkins 
Hospital. All other aspects of management in these pa- 
tients, including antibiotic coverage and fluid and elec- 
trolyte replacements, were identical, except that trans- 
peritoneal drainage was used in children with even hos- 
pital numbers and no drainage or wound drainage alone 
was used in children with odd hospital numbers (Fig. 
1). This paper reports the results of this study and the 
recommendations which have resulted from the data ac- 
cumulated in this clinical survey. 


Protocol for Management of Generalized Peritonitis 
Secondary to Appendicitis in Children 0-14 Years of Age 


All children with generalized peritonitis from a per- 
forated appendix were included in the study, Forty- 
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three children with the clinical and operative findings 
of generalized peritonitis secondary to ruptured appendix 
were treated during the 6-year period, 1965-1971, and 
were managed in the same manner except for peritoneal 
drainage. Appropriate preoperative treatment with hy- 
dration preceded any operative management. In gen- 
eral, the patients’ temperatures were below 38°C., and 
there had been optimal fluid and blood replacement 
before the child was anesthetized. All children with 
clinical evidence of generalized peritonitis received ap- 
propriate antibiotic agents preoperatively. Unless the 
patient had a history of specific drug sensitivity, the 
original regimen for peritonitis consisted of three medi- 
cations: penicillin, chloramphenicol and streptomycin. 
Antibiotics were continued for a minimum of 10 days 
and longer when indicated. | 

Chloramphenicol was administered in a dosage of 100 
mg./Kg./day divided into 6-hour doses. It was accom- 
panied by Lactinex when given orally. The first dose 
was administered prior to operation or as soon as ‘the 
diagnosis of generalized peritonitis was established. The 
drug was discontinued if the patient demonstrated a fail- 
ure to respond to treatment, if he developed an adverse 
reaction to the drug, or if culture sensitivities indicated a 
more preferable antibiotic. | 

Penicillin was administered as aqueous penicillin, 
200,000 units/Kg./day, given intravenously as long as 
the patient needed parenteral therapy. The period of 
therapy and: indications for discontinuance of medica- 
tions were similar to those for chloramphenicol. 

Streptomycin was administered in doses of 30 mg./Kg./ 
day, divided into two equal doses intramuscularly for a 
total of 5 days. This medication was limited to 5 days 
except in unusual circumstances because of concern 
about neural toxicity with prolonged use of the drug. 

_A careful review of the antibiotics and the drug sensi- 
tivities of the organisms cultured from the peritoneal 
cavities of these patients was carried out in 1968. This 
study showed that a more effective coverage of the bac- 
terial flora of the peritoneal cavity was a combination of 
Keflin and kanamycin. Upon the recommendation of 
the Pediatric Infectious Disease Unit, the protocol was 
changed at this point, and Keflin and kanamycin be- 
came the standard initial antibiotic coverage for all pa- 
tients in the protocol. This change occuired about mid- 
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TABLE | 
Complications 
No. 
of = Av. Av. Major Major 
Pts. Age Hosp. Abd. Extra-Abd. Deaths 
Trans- 
peritoneal | 
Drainage 24 7.5 17.9 3 1 pneu. 2 
Wound 
Drainage 19 8.4 14.2 3 1 osteo, 0 


way in the study. The medications were applied to- 
both groups of patients; therefore, it should not alter 
the statistical significance of the comparative groups. 
The recommended dosage for Keflin (cephalothin) was 
250 mg./Kg./day and for kanamycin was 15 mg./Kg./ 
day (Table 2). 

Patients were operated upon through transverse skin 
iricisions, and the abdominal cavity was entered through 
a muscle splitting incision. Peritoneal cultures were cb- 
tained in all patients at the time of operation. An ap- 
pendectomy was carriéd out except in extremely un- 
usual circumstances.. The appendiceal stump was in- 
verted beneath a purse string suture when the wall of 
the cecum was favorable for this maneuver; otherwise, 
the appendiceal stump was simply ligated with chromic 
catgut. The management of the appendiceal stump was 
not randomized in the study. S 

Patients with hospital numbers ending in even digits 
received transperitoneal drainage consisting of 2% inch 
Penrose drains introduced through the lateral aspect 
of the incision into the pelvic floor and to the area of 
the cecum. In children with hospital numbers ending 
in odd numbers, peritoneal drainage was not employed. 
Instead, a short, % inch Penrose drain was placed into 
the mid portion of the incision down to, but not through 
the peritoneum. The transperitoneal drains were grad- 
ually removed over a period of riot less than 7 days. The 
ultimate removal of a drain was determined by the de- 
gree of drainage and the patient’s course. In patients 
with wound drainage alone, the drain was usually re- 
moved by 5 days. 7. 

All patients were managed in a Fowler's position post- 
operatively. Other forms of postoperative management 
were individualized, except as noted. A card file was 
maintained on all patients in the study to include mor- 
bidity: days in the hospital; days febrile; complications, 
specifically pelvic abscesses, subphrenic abscesses, intra- 
abdominal abscesses, and secondary wound infection. 
Pertinent data have been collated and are shown in 
Table 1. 


Results 


During the study period, 43 children between the ages 
of 1 arid 14 years with generalized peritonitis from rup- 
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tured appendicitis were managed on the Children’s 
Surgery Service of The Johns Hopkins Hospital. As 
shown in Figure 1, 24 patients received transperitoneal 
drainage according to the protocol, and 19 received 
wound drainage only. There were two deaths in the en- 
tire group; both occurred in the transperitoneal drainage 
group. Following is a brief description of the hospital 
courses of these two patients. 


Case Reports 


Case 1 (July, 1965). A 2%-year-old boy was admitted with a 
3-day history of vomiting, abdominal pain and green diarrhea. 
He obviously had diffuse peritonitis when first seen and was 
immediately prepared for operation. Admission white blood count 
was 18,500; X-ray revealed thickened loops of bowel but no defi- 
nite fecalith, He was given penicillin, streptomycin and Chloro- 
mycetin. After 8 hours of replacement therapy, he was taken to 
the operating room. Through a McBurney incision, generalized 
purulent peritonitis was found with the release of 100 cc. of 
cloudy fluid. The appendix was removed and drains inserted into 
the pelvis and along the right gutter. For the first 2 postoperative 
days he seemed to be responding well, but on the third postopera- 
tive day his fever suddenly rose to 40 C., and was found to have a 
right lower lobe pneumonia. Pulse ranged between 160-180, and 
white count had risen to 30,000. A nasotracheal smear revealed 
pneumococci and the penicillin dosage was increased to 5 million 
units a day. On the seventh postoperative day he suddenly became 
unresponsive; blood pressure was not obtainable and he was given 
plasmanate, Levophed and Solu-cortef. He had several respira- 
tory arrests, and 3 hours after the hypotensive episode he had a 
cardiac arrest from which he could not be resuscitated. Autopsy 
revealed generalized purulent peritonitis with a consolidated right 
lower lobe. Cause of death was determined to be gram-negative 
sepsis and shock secondary to generalized peritonitis from rup- 
tured appendicitis. 

Case 2 (October, 1966). A 4-year-old boy was admitted with 
generalized peritonitis and a 6-day history of vague abdominal 
pain. Four days prior to admission he had a temperature of 38 C. 
and one episode of vomiting. There was no abdominal tenderness 
at that time. He was not seen again until the day of admission 
when his temperature was 39.8 C. and his pulse was 200. There 
was evidence of generalized peritonitis with abdominal distention 
and absent bowel sounds. White blood count was 17,400 and the 
flat plate of his abdomen revealed generalized fluid with a fecalith 
in the right lower quadrant. After 4 hours of fluid replacement 
and administration of penicillin, Chloromycetin and streptomycin, 
he was taken to the operating room where a McBurney incision 
was made with the release of 400 cc. of frank pus from the peri- 
toneal cavity. The tip of the appendix was ruptured and there 
was generalized purulent peritonitis. The appendix was removed 
and three drains were inserted; two in the pelvis and one along 
the right gutter. Postoperatively he had a pulse of 200 with a 
venous pressure of 2 cm. of water. He was given plasmanante 
infusion until his central venous pressure was 10. Pulse rate de- 
creased to 170, but he continued to have a high fever and gen- 
eralized lethargy. Nine hours after operation he suddenly became 
apneic and blood pressure was unobtainable. Cardiac and respira- 
tory resuscitation were successful, but he never regained con- 
sciousness. He had a cardiac arrest on two more occasions, and 
was finally pronounced dead 16 hours after the operative pro- 
cedure. The autopsy findings confirmed generalized purulent peri- 
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TABLE 2. Antibtolics 


1965-1968 Chloramphenicol 100 mgm/Kg./day in q. 6 h. 


doses. 


Penicillin 200,000 u/Kg./day I. V. 
Streptomycin 30 mgm/Kg./day in q. 12 h. 
i doses. 
1968--1971 Keflin (Cephalothin) 250 mgm/Kg./day in q. 6 h. 
doses, 
Kanamycin 15 mgm/Kg./day in q. 12 h. 
doses. 


tonitis. It was felt that the cause of death was gram-negative 
sepsis and shock secondary to ruptured appendicitis and gen- 
eralized peritonitis. 


The patients with transperitoneal drainage were hos- 
pitalized for an average of 17.9 days (if the two deaths 
are excluded), while those in the non-drainage group 
averaged 14.2 days. The average for the non-drainage 
group does not include one patient who developed 
osteomyelitis and required prolonged hospitalization for 
the complications of that disease. Thirty-three of the 43 
patients were boys, an interesting sex preponderance of 
70% males. 

The bacterial cultures in the two groups showed a 
similar spectrum with a tremendous preponderance of 
Escherichia coli organisms. In practically all cases, the 
predominating organisms were highly sensitive to the 
combination of Keflin and kanamycin. 

Wound infections were not considered as specific 
complications because all wounds, by definition, were 
contaminated, and transwound drainage was carried out 
in both groups. If a re-operation was necessary because 
of continuing or recurrent intra-abdominal infection, this 
was listed as a complication. Three patients in each 
group required re-operation for intra-abdominal ab- 
scesses or incomplete drainage. A major non-abdominal 
complication occurred in the transperitoneal drainage 
group: staphylococcal pneumonia which prolonged hes- 
pitalization. The pneumonia was unrelated to the or- 
ganisms cultured from the abdomen. Another major 
non-abdominal complication occurred in the non- 
drainage group; namely, osteomyelitis due to E. coli 
organisms. Although several wounds in both groups 
needed occasional probing to enhance drainage, none 
required re-operation for abdominal wall drainage. Sec- 
ondary wound closure was not carried out. 


Discussion 


Whether or not to utilize peritoneal drainage in pa- 
tients with diffuse appendiceal peritonitis has been a 
subject of controversy for years. Halsted in 1898* made 
the comment that “no drainage at all is better than the 
ignorant employment of it”. Indeed. Halsted pointed out 
some of the dangers inherent in the use of drains in 
the abdominal cavity and devoted many of his energies 
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to the development of a soft drain which could be used 
without danger of perforating adjacent abdominal or- 
gans. His statement was in contrast to Taiťs dictum of 
188715—“when in doubt, drain,” which had great in- 
fluence on surgeons of the time. Unfortunately, as pointed 
out recently by Talbert and Zuidema,** no definitive data 
have yet been presented to settle the dilemma. 

Most surgeons agree that peritoneal drainage is not 
warranted for simple acute appendicitis, and that drain- 
age of a localized collection of pus from a ruptured ap- 
pendicitis, ie., an appendiceal abscess, is beneficial.®814. 
11,12 

Yates,!? in 1905, compiled an extensive historical, clin- 
ical and experimental review which strongly argued 
that “drainage of the peritoneal cavity was physically 
and physiologically impossible,” and that “peritoneal 
drainage must be local,” .. . and that “there was, aside 
from hemostasis, no other justification for the use of 
drains.” A majority of surgeons avoid drains in adults 
with generalized peritonitis.!? There is a general feeling 
that it is physically impossible to drain the entire peri- 
toneal cavity, and that placement of a drain in these 
circumstances may be harmful because it is a foreign 
body which is rapidly walled off and may enhance the 
formation of adhesions around the drain and subse- 
quently lead to intestinal obstruction. Other surgeons 
feel that a peritoneal drain may also act as a nidus for 
infection.” 

In the belief that children, particularly infants, handle 
generalized peritonitis poorly, authors of many textbooks 
of children’s surgery have espoused transperitoneal drain- 
age for ruptured appendicitis with generalized peri- 
tonitis.5.°.14 Several series in children have reported that 
“drains are probably of some value”;1%17 that “when there 
is gross evidence of perforation, a drain in the lateral 
gutter out of the wound is favored”,’° or that “drainage 
was used in all cases of ruptured appendix.” 

Since decisions regarding transperitoneal drainage 
have, in the past, been based largely upon retrospective 
studies or personal experience and observation, the pres- 
ent prospective, double blind study was formulated. 
With no difference in basic management, except for a 
warranted change in antibiotic coverage, all children 
with ruptured appendicitis and generalized peritonitis 
were randomly selected for either transperitoneal or su- 
perficial wound drainage. 

Analysis of the data from this study of 43 children, 24 
of whom had transperitoneal drainage and 19 wound 
drainage, does not demonstrate any benefit from trans- 
peritoneal drainage. The incidence of intraperitoneal 
abscess formation, necessity for re-operation, and mor- 
tality, were unaffected by the mode of drainage. There 
was, however, no increase in morbidity associated with 
the use of transperitoneal drainage. 
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Conclusions 


On the basis of data obtained in a 6-year prospective 
double blind study of transperitoneal drainage versus 
non-drainage for generalized peritonitis from ruptured 
appendicitis in children, transperitoneal drainage did 
not decrease morbidity or mortality from this condition. 
The mortality (2/43) occurred in the transperitoneal 
drainage group, but this may simply represent statistical 
chance in a small group of patients. It does emphasize 
the continuing mortality of approximately 5% from rup- 
tured appendicitis. It is our feeling that specific intensive 
antibiotic therapy and good, general supportive treat- 
ment provide maximally effective treatment for children 
with generalized peritonitis, and that transperitoneal 
drainage does not contribute significantly. For this rea- 
son, we have abandoned transperitoneal drainage in the 
management of this condition in children. 
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Discussion 


Dr. Ricaaro Miter (Jackson): Recently, we had the oppor- 
tunity to review some 370 children with appendicitis at the Uni- 
versity of Mississippi Medical Center. Dr. Haller presented an 
important subject in the high incidence of complicated appendi- 
citis which occurs in children. 

[Slide] in our series it was 33%. The incidence of perforation 
about doubles in the presence of a fecalith, and is also higher in 
the very young. It is, therefore, well to know whether drainage 
has any effect. 

After seeing Dr. Hallers abstract, we again went over our 
computer sheets in regard to those children undergoing appen- 
dectomy, with or without drainage. Our series is not prospective, 
and is, therefore, biased. Probably the sickest patients were 
drained, but it is somewhat unbiased as to the surgical thinking, 
as it represents the work of many surgeons—mainly residents, 
however—over 10 years. 

[Slide] I hope you can read these. I have just penciled them in 
at the last minute here. This slide illustrates a comparison of the 
lengths of hospitalization in the various groups. There was ver 
little difference in the patients with simple appendicitis wit 
appendectomy. They were all hospitalized about 4 days. As op- 
posed to Dr. Hallers patients, whose hospital stay was from 14 
to 17 days, ours for simple appendicitis were: just appendectomy, 
4 days; appendectomy and drainage, 4.4 days; appendectomy in 
the perforated ones, without drainage, 4.3 davs, These are com- 
plicated as interpreted by reading the op. note. If the op. note 
said the appendix was perforated, we put it in this category. 

In the appendectomy and drainage category there were 81 
patients, and the hospital stay was 8.5 days. 

[Slide] Culture data also produced a higher number of positive 
cultures in the drain group—positive meaning positive cultures. 
There were many more positive cultures in this group than in the 
group that just underwent appendectomy. It may be, however, 
that there were definitely more nonreported cultures, the nega- 
tive here—“n. g.” mean no growth—in the patients who had just 
plain appendectomy, versus those who had appendectomy and 
drainage, and it may be that our house staff was not as vigorous 
in culturing this group as they were in this group, [indicating] 
which they thought were sicker. 

[Slide] The incidence of postoperative complications of perfo- 
rated appendicitis with appendectomy only was minimal. There 
were only two serious problems in 29 patients with perforated 
appendicitis, no drainage; four wound infections. There was one 
peritonitis—postop peritoneal infection—which did not require 
operation, and one postoperative peritoneal infection which did 
require a secondary drainage procedure. 

Slide] However, in the 81 patients with appendectomy and 
drainage there were relatively more complications, There were 
15 wound infections. There were seven cases of either intra- 
peritoneal infection or obstruction which required secondary op- 
eration, and there were six cases of either obstruction or intra- 
peritoneal infection which required prolonged hospitalization. 

We are indebted to Dr. Haller for trying to make some sense 
out of this in a prospective study, and we are certainly going 
to go on with it. I am sure he has not changed any of our biases 
regarding this, and we will all continue on. 

I would like to ask Dr. Haller whether or not his culture data 
in the twa groups were similar. In other words, were there the 
same number of positive cultures from the peritoneum in the 
drained and the nondrained group? 
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Dr. Ricardo J. Fietp, Jr. (Centreville): We were intrigued 
by Dr. Haller’s fine contribution in sine us to sort out the 
problems involved in drainage of appendicitis, and we reviewed 
our own cases over the last several years. There were 300, with 
20 perforated appendicitis, with generalized peritonitis. It was 
our ee reflecting Dr. Ochsner's feelings, not to drain these 
people. We did not. 

Of the 20 with perforated appendicitis and generalized pezi- 
tonitis, three developed other intra-abdominal abscesses, two in the 
cul de sac, one on the left side of the abdomen. We drained the 
two cul de sacs, following the stimulation of Dr. Harlan Stone, of 
this organization—transrectally, without any difficulty. The other 
was drained through the peritoneum. 

The rest of the patients did fine in our series. We, too, concur 
with Dr. Haller that drainage of the peritoneal cavity, regardless 
of age, is not necessary. With good antibiotic therapy and good 
intravenous replacement of fluid, these people should and did 
respond well. 


Dr. ALTON OcusNER (New Orleans): In the early ’20’s, during 
my training in Chicago, it was the custom to drain every abdomen 
that had any pus in it. Later, after I went to Europe, as an 
exchange surgical resident in Zurich, under Clairmont, I was 
astounded and shocked to see many individuals with ruptured 
appendices—who were treated by closing the abdomen tightly 
after the appendectomy. I expected all of them to die. This was 
before the advent of antibiotics. Much to my astonishment, they 
lived, but they developed more complications, because they lived 
to develop the complications. They developed more subphrenic 
abscesses, cul de sac abscesses, and abscess in the ileocecal region. 

It is important to differentiate between children and adults, as 
Alex has already alluded to. The children have a smaller peri- 
toneal cavity. The omentum is less well developed, and their 
cul de sac is really not a cul de sac; it is a saucer.'It is not a 
cup—it is a saucer—and for this reason when the child is placed 
in a Trendelenberg position, the peritoneal fluid cannot gravitate 
into the cul de sac, as in the adult, but the peritoneal fluid rises up 
on the left side, and these infants, or children, are more likely to 
develop a left-sided abscess. 

I am convinced that drains in generalized peritonitis can do 
nothing but harm. They will produce more complications, and 
I am sure the mortality rate will be greater; but the complication 
rate may be a little higher, because they live long enough to 
develop the residual abscesses, which can be drained. 


Dr, Journ K. QuarrresauM, Sr. (Savannah), discussing 
Paper No. 12: Those of you who join me in an experience of 30 
years can look back on those days and recall, with little effort, 
some of the sickest children that ever breathed, and some did not 
breathe very long, at that. 

Those were the days when anesthesia was drop ether, and often 
utterly inadequate. Parenteral fluids were limited to home-made 
saline solution; antibiotics and sulfonamides were undreamed of. 
Blood transfusions were thought of as being next to impossible. 
Doctors in those days seldom had more desperate cases than 
children suffering from suppurative peritonitis from a ruptured 
appendix, often complicated by necrotizing infection of the ab- 
oe wall and not infrequently by small bowel obstruction 
also. 

I mention this because the mortality rate was so very high and 
because no discussion of this subject before the Southern Surgical _ 
Association should fail to mention the monumental contributions 
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to the treatment of this condition made by two former giants of 
this organization, each of whom served as its President, Their 
memory is known to the older members, some who knew them 
personally. Since some of our younger members may not have 
heard of them I would like to bring to your attention the con- 
tributions on appendicitis made by Dr. LeGrand Guerry of Co- 
lumbia, S. C., and Dr. Hubert A. Royster of Raleigh, N. C. 

I think Dr, Guerry’s last publication in joint authorship with 
the late George McCutcheon should still be compulsory reading 
for those in training and in teaching and in practice. Guerry 
would not operate on peritonitis until an abscess had walled off, 
recognizing that operating when the peritonitis was spreading 
usually resulted fatally, whether you did or did not drain. Dr. 
Guerry reported 3000 cases of appendicitis, not all in children, 
not all with peritonitis, with a mortality of only 3%, something 
unheard of, 

Dr. Hubert Royster wrote a book on appendicitis which was a 
classic pioneer effort and quite an accomplishment and a remark- 
able work at that time. I am sure Alton Ochsner knows of this 
book. Most patients with appendicitis, especially children, in 
those days were given a dose of calomel, followed by a dose of 
castor oil and several doses of Epsom salts before they were seen 
by a doctor. This almost always brought about perforation and 
peritonitis. Dr. Royster was most emphatic in condemning this 
frequent practice. 

So whenever appendicitis is discussed in a meeting of the 
Southern Surgical Association I think we should give a bow to 
those two great figures, Dr. LeGrand Guerry and Dr. Hubert A. 
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Royster, of whom this organization should be justly proud. 
Dr. Guerry—President 1924 
Dr. Royster—President 1926 


Dr. J. Arex Hauer, Jr. (Closing): I would like to try and 
answer Dr. Millers questions. There was no difference in the 
organisms cultured from patients who were drained and those 
that were not. As I indicated in my presentation, they were pri- 
marily E. coli organisms, but there was, of course, a mixed flora. 

In the remarks that were made you included patients who had 
appendicitis without peritonitis in whom drains were used. We 
were talking only about children with sacar peritonitis. 
There are examples in our experience in which the appendix was 
removed, and someone was concerned about whether or not there 
was a walling-off abscess, and therefore a drain was placed 
down to that site. Our petients all had generalized peritonitis at 
the time the appendix was removed, and therefore I do not think 
they can be compared with simple, localized rupture of the 
appendix, which I believe were included in your comments. 

The question concerning the formation of multiple abscesses, 
from Dr, Ochsner’s observations in Europe, and ones that he has 
discussed in his experience here, we did not study in our series 
of patients. Whether or not they had more abscesses or not, I 
cannot say. There were tkree patients in each group who did re- 
quire re-exploration for undrained abscesses, suggesting that this 
can wall-off, as you pointed out. Generally, we felt that these 
data supported what you and a number of other members of 
this organization have been telling us for quite a long while— 
that you cannot drain the generalized abdominal cavity. But this 
concept has not been widely accepted by many who care for 
young children. 
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[mHE RISING TEMPO with which anaerobes are being 
oo from infected patients demands a height- 
ened awareness of the role these organisms play in 
human sepsis. The genus Bacteroides is a non-sporulat- 
ing, obligative anaerobic, gram-negative bacillus nor- 
mally found in the upper respiratory tract, the colon, 
and the genitourinary system. It has been accepted as a 
potential cause of infection since 1897!! though until 
recently it has been rarely recovered from infected 
material. . 

Practically all anaerobes infecting human tissue can 
be isolated from the microbial flora of the normal intesti- 
nal tract® in which anaerobic conditions prevail. The fact 
that most gram-positive anaerobes are sensitive to peni- 
cillin probably accounts for their rare association with 
significant human infections. Coliform organisms and 
other facultative bacteria, according to recent reports, 
comprise only about 52-10% of the total bacterial popu- 
lation of the colon while the great majority of colon 
bacteria are obligate anaerobes. About 20% of the mass 
of colon contents consists of viable anaerobic bacteria, 
most of which are various species of Bacteroides, 

Until recently the fastidious nutrient and gaseous re- 
quirements of these organisms limited their in vitro 
growth, thus delaying their recognition as significant 
human pathogens. The introduction of pre-reduced com- 
mercial culture media and further work in identifying 
and speciating the organisms have greatly facilitated our 
understanding of them. 

One hundred and twelve patients who in the past 18 
months have had serious bacteroides infections form the 
basis for this report. Forty-three patients had bacteroides 
septicemia and 69 had soft tissue infections. The results 
of our study indicate that these organisms can no longer 
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be regarded as harmless commensals of the gastrointesti- 
nal and genitourinary tracts, but must be respected for 
the wide spectrum of serious pathogenic effects, includ- 
ing lethal septicemia, which they can cause. 

Clinical Material and Methods 

One hundred and twelve patients at the Baptist Memo- 
rial Hospital, Memphis, Tennessee have had serious bac- 
teroides infections during the past 18 months. Their 
median age was 48 years with the range between seven 
and 83. Females were slightly more numerous than males; 
Caucasians more numerous than Negroes. We have omit- 
ted five patients in whom Bacteroids strains have been 
isolated but were either mixed with multiple other more 
clinically significant organisms, or were not causing any 
apparent infection. The median ages of patients with 
septicemia and those with localized soft tissue infection 
were 52 and 37 years, respectively. 

To isolate and identify anaerobes we use the method 
of Holdeman and Moore We routinely inoculate into 
thioglycollate broth. all material suspected of containing 
anaerobes. This includes all spécimens of blood, wound 
exudates, and body cavity fluids. Gram stains are made 
from this broth in 48: hours with considerable emphasis 
placed on the morphologic characteristics of the bacteria. 
Pleomorphie, nonsporulating, gram-negative rods which 
stain poorly, which may contain vacuoles, and which do 
not grow aerobically are tentatively identified as Bac- 
teroides. Antibiotic disk sensitivity testing is done im- 
mediately by the agar-diffusion method after incubation 
in a GasPak (BBL) anaerobic jar for 48 hours. Specia- 
tion of the isolates follows the bacteriologic criteria, 
based primarily on gas chromatographic analyses, estab- 
lished by the Virginia Polytechnic Institute. Sensitivity 
studies can now be reported in approximately 1 week by 
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use of this method with species identification owing 
several days later. As yet, we do not attempt subspecia- 
tion. Blood cultures are subcultured in 1 week and are 
not discarded for 15 days. An average of one Bacteroides 
strain per week is currently being isolated in our labora- 
tory. In the past 6 months we have recovered 25 isolates 
in the blood, approximately 10% of all positive blood 
cultures. 


Bacteriologic Data 


Included in our isolates were 13 species of Bacteroides 
and two species of Fusobacterium which are also cus- 
tomarily included in the Bacteroides group. Table 1 re- 
_veals the species recovered in 43 patients with septicemia. 
B. fragilis was by far the most common, with 33 cases. 
The mortality figures for each species are also listed. 
These organisms were the solitary blood isolate in 37 
patients, 15 of whom died. In the remaining six cases, 
Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, an aerobic diptheroid, Candida albicans were 
recovered concomitantly, and in two patients Peptostrep- 
tococcus magnus. Suprisingly, none of the patients died 
in whom one of these additional isolates was recovered. 

The bacterial flora récovered in the 69 instances of 
soft tissue infection is shown in Table 2. Again B. fragilis 
predominated although 12 other species in smaller num- 
bers were recovered. In 37 cases the Bacteroides was the 
sole isolate. In the remaining 32 patients an assortment 
of organisms was found; five instances of Peptostreptococ- 
cus, three of E. coli, and three of Clostridium perfringens. 
The remaining organisms were not usually associated 
with significant human infections such as Bifido-bac- 
terium, Eubacterium, Véillonella, Edwardsiella, Entero- 
bacter and Aeromonas. Undoubtedly these are the next 
generation of organisms which may become important 
human pathogens when they have developed sufficient 
resistance to our present antimicrobials. 

There is presently no standard procedure for détermin- 
ing the antibiotic susceptibility of anaerobes such as 
has been developed so successfully for aerobes by the 
method of Bauer et al.! Recently Sutter, Kwok, and Fine- 
gold? attempted to standardize antimicrobial disk sus- 
ceptibility testing for anaerobes by developing interpre- 


TABLE 1. Bacteroides Species in 43 Cases of Septicemia 
Species Number Deaths 
B. fragilis 33 11 
B. incommunis 2 1 
B. variabilis 2 1 
B. furcosus 1 0 
B. Succinogenes 1 1 
B. terebrans 1 1 
B. oralis 1 0 
F, fustforme 1 0 
F. necrophorus 1 0 


NOBLES 


Ann. Surg. » May 1973 


TABLE 2. Bacteroides Species in 69 Cases of Soft Tissue Infections 





B. fragilis 33 
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tive standards similar to those in use for aerobes. By 
correlating the disk susceptibility of B. fragilis to tetra- 
cycline with the more accurate though time consuming 
quantitative agar-dilution technics, they are hopeful of 
developing a standard reference method for use with all 
antibiotics. Meanwhile, there will inevitably be consid- 
erable variation in antibiotic sensitivities reported from 
different laboratories depending upon the culture medium 
used, the age and size of inoculum, and the duration of 
anaerobic incubation. | 

The spectrum of B. fragilis sensitivities as revealed in 
our laboratory is recorded in. Table 3. From the 48 iso- 
lates tested carbenicillin, chloramphenicol, and clin- 
damycin were clearly the most effective. The antibiotics 
listed are those we routinely use for gram-negative 
anaerobes. Kanamycin and sulfisoxazole which are usu- 
ally used for gram-negative organisms are not included 
because they do not diffuse well under anaerobic condi- 
tions. Tetracycline was also used routinely though is not 
listed in the table. Eight isolates were clearly resistant 
to it. Approximately one-half of the remaining strains 
showed only moderate sensitivity which, in the absence 
of clearly defined standards based on inhibitory zone 
sizes, bears no relation to clinically achievable serum con- 
centrations of the drug. Martin, Gardner, and Washing- 
ton’ recently reported that with the agar-dilution technic 
only 39% of their B. fragilis strains were sensitive to 
tetracycline. For the past 9 months we have been testing 
Bacteroides against clindamycin and of the group of 25 
strains studied so far, all have been sensitive. 

‘We have tested too few other species of Bacteroides 
for statistical validity. All appear miore sensitive than 
B. fragilis to penicillin, ampicillin, and cephalosporin 
while maintaining an apparent genus resistance to poly- 
myxin, colistin, and gentamicin. 

Although providing no absolute guidelines regarding 
effective serum inhibitory concentrations, these data re- 
flect variations in sensitivities between species and reveal 
a distinct lack of effectiveness of most antimicrobials. As 
such the information has been clearly useful in guiding 
clinical therapy. It also correlates well with agar-dilution 
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TABLE 3. Antibiotic Sensitivity Studies in 48 Isolates of Bacteroides 


Fragilts 

Per Cent 

Drug Sensitive Resistant Sensitive 

Ampicillin 7 41 14.5% 
Carbenicillin 38 10 79%, 
Cephalosporin 6 42 12% 
Chloramphenicol 43 5 89% 
Colistin Sulfate 0 48 0% 
Gentamycin 2 46 4%, 
Polymycin B. 0 48 0% 
Clindamycin* 25 Q 100% 
Penicillin G 2 46 4% 


* Only 25 Isolates were tested 


studies reported by Kislak® who found clindamycin by 
far the most affective agent, followed by lincomycin 
and chloramphenicol. Carbenicillin, while active against 
many isolates, required a higher concentration in the 
serum than can be readily attained clinically. 


Clinical Setting 


Being normal inhabitants of the mouth, the colon and 
the vagina, these organisms typically gain entry into the 
body through loss of integrity of the mucous membranes 
in these areas. Prior to the introduction of penicillin, 
bacteroides infections were believed to originate in the 
mouth causing complications of peritonsillar abscesses, 
cervical lymphadenitis, and occasional thrombophlebitis 
of the internal jugular vein with metastatic brain ab- 
scesses.® Bacteroides strains isolated from the mouth are 
frequently sensitive to penicillin while those recovered 
from below the diaphragm are not nearly so sensitive to 
this or any of the other antimicrobial agents.1° 

Table 4 outlines the portal of entry or primary focus 
of infection in the 43 cases of septicemia. The majority 
of these infections arose in the gastrointestinal tract as 
expected; the next highest incidence occurred in the 
genitourinary system and the lung. As found by previous 
investigators,’ those organisms arising in the genitouri- 
nary system seem less virulent and were lethal in only 
one of the nine patients. Six of the eight patients died 
in whem the lung was the primary focus of infection. 
These were all exceedingly ill patients; three had meta- 
static carcinoma of the lung, one had massive aspiration 
pneumonitis, and two had extensive septic pulmonary 
emboli. The two survivors in this group were one patient 
with F. fusiforme septicemia and another with B. oralis 
septicemia originating in a localized area of pneumonitis. 
In each instance the organism was sensitive to penicillin. 

Table 5 summarizes the disorder preceding the sep- 
ticemia in the 20 cases of gastrointestinal tract origin, of 
which there was intestinal malignancy in only one. In 
the total group of 43 patients with septicemia, 19 oc- 
curred in profoundly ill patients with some underlying 
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metabolic, neoplastic, or infectious condition which no 
doubt altered the host defensive mechanism. Eight pa- 
tients had malignancies, four were diabetic, three were 
receiving steroids for ulcerative colitis, and two had been 
seriously ill with septicemia caused by another organism 
before the bacteroides septicemia appeared. One patient 
was in congestive heart failure due to a congenital heart 
defect and another had severe chronic pulmonary dis- 
ease. The remaining 24 patients, however, were other- 
wise healthy individuals who had undergone an uncom- 
plicated operation, not necessarily with preoperative 
antibiotic preparation of the colon. At the time the 
septicemia developed, most were receiving parenteral 
antibiotics which undoubtedly had suppressed other more 
invasive organisms. Thus, typically, the patient with bac- 
teroides septicemia is receiving a broad spectrum anti- 
biotic and has pneumonia, an abdominal disorder, or has 
recently had a vaginal hysterectomy. It appears as though 
these opportunistic pathogens move into a bacteriologic 
vacuum as willing invaders when antibiotic suppression 
reduces their natural competitors. Bacteroides abscesses 
and septicemia, however, may develop without prior an- 
tibiotic therapy, proving the potential pathogenicity of 
these organisms when the internal melieu is suitable. 


Spectrum of Pathogenicity 
Septicemia 


The 43 patients with bacteroides septicemia demon- 
strate the full potential of these organisms for serious, 
frequently lethal infections. The clinical picture is ini- 
tially indistinguishable from any other serious gram- 
negative bacillary septicemia with the exception of a 
tendency toward inordinately high leukocytosis. In one 
instance the white blood cell count reached 92,900/ 
cu.mm., in another 83,000/cu.mm., and several were in 
the 40-50,000/cu.mm. range. These are seriously ill pa- 
tients in whom high spiking temperatures prevail relent- 
lessly until the appropriate antibiotic is selected and the 
primary focus of infection is eradicated. Because of the 
relatively few bacilli in the initial blood samples and the 
slow growth characteristics of the organism, the clinical 
course usually runs for at least one and more often 2 


TABLE 4. Portal of Entry in 43 Cases of Septicemia 


Number Deaths 

G.I. Tract 20 6 
G.U. Tract 9 1 
Lung 8 6 
Heart 1 1 
Peri-rectal Abscess 1 1 
Osteomyelitis 1 0 
Phiebitis 2 0 

Í 0 
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weeks before the organism can be identified on blood 
culture. Thus, a high index of suspicion is essential and 
often an appropriate antibiotic must be started em- 
pirically before species identification is available if a 
successful outcome is to be assured. 

Wound infections following gastrointestinal tract op- 
eration, vaginal cuff abscesses, and pneumonia predomi- 
nated as the locus of infection seeding the blood. Often 
several other organisms, both aerobes and anaerobes 
from the primary site could be cultured, though usu- 
ally only the Bacteroides became invasive. Following a 
colectomy one remarkable patient developed a’ severe 
wound infection from which were cultured strains of 
Streptococcus, Proteus, Pseudomonas, E. coli, Fusobac- 
terium paluti, Eubacterisim lentum, and a hemolytic 
Staphylococcus in addition to B. fragilis. Intensive anti- 
biotic therapy with several broad spectum antibiotics 
including chloramphenicol succeeded in eliminating the 
wound infection. B. fragilis alone was repeatedly cul- 
tured from the blood even while the patient was receiv- 
ing chloramphenicol, but the wound drained again 
spontaneously and no serious sequellae developed. Con- 
versely, B. fragilis in pure culture was found as the soli- 
tary offending organism causing both the local infection 
and septicemia in instances of acute cholecystitis, acute 
gangrenous appendicitis, vaginal cuff abscesses, and one 
hepatic abscess, thus proving conclusively its potential 
for life-threatening infection. 

Of the 43 patients with positive bacteroides blood cul- 
tures 15 died, a mortality of 35%. Septic shock and the 
development of metastatic abscesses were the common 
lethal complications. Jaundice which has been reported 
as a common occurrence with bacteroides septicemia 
was present in five of our patients. Phlebitis, long asso- 
ciated with bacteroides sepsis, was present in four in- 
stances, in one of which the origin was the pelvic veins. 
Pulmonary embolization occurred at some point during 
the illness in ten of these 43 patients, four of whom in 
retrospect appear to have had undiagnosed septic emboli. 
There were four instances of repeated pulmonary emboli 
despite heparin therapy, raising the possibility that hepa- 
rin may be responsible for dislodging septic emboli. 
B. fragilis was the sole organism causing necrotizing 
fasciitis with septicemia in two instances. 


TABLE 5, Gastrointestinal Disorder in 20 Cases of Bacteroides 
Septicemia 


Peritonitis from Perforated Bowel 6 
Acute Cholecystitis 5 
Incisional Abscess After Colectomy 4 
Acute Appendicitis 2 
Liver Abscess 1 
Pancreatitis 1 
Cirrhosis 1 
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Disseminated intravascular coagulation was present in 
five patients, one of whom died. One of these survivors 
was a 36-year-old woman who, following vaginal hyste- 
rectomy, developed a cuff abscess which grew out E. coli 
and B. fragilis. The B. fragilis became invasive and suc- 
ceeded in producing myocarditis, septic nephritis, jaun- 
dice, a subphrenic abscess, and probably contributed to 
the development of pulmonary embolism and mild dis- 
seminated intravascular coagulation. Septic shock oc- 
curred in seven patients, six of whom died. There were 
two instances each of hemolytic anemia, hemorrhagic 
gastritis, and liver infarction. The review of data shows 
that very few patients survive bacteroides septicemia 
who develop any one of these serious complications other 
than disseminated intravascular coagulation. 


Soft Tissue Infection 


Sixty-nine patients developed localized areas of infec- 
tion from which Bacteroides species were cultured, often 
as the solitary isolate. Excluded from this group were 
any who later developed septicemia. Forty-nine of these 
infections were abscesses, five were generalized peritoni- 
tis, three were anaerobic cellulitis, three were urinary 
tract infections, two were endometrial infections, one 
was a serious decubitus ulcer, and one was serious gas- 
troenteritis. The abscesses were located as follows; three 
subphrenic, three pulmonary, three pilonidal, eight peri- 
rectal, ten intra-abdominal, and 22 in operative wounds. 
Of these 22 postoperative wound infections all except 
one followed an intra-abdominal procedure, usually with 
bowel resection. The one exception was an abscess fol- 
lowing an above knee amputation. 

An analysis of these serious infections yields several 
observations. Localized bacteroides infections are char- 
acterized by considerable tissue destruction. Abscesses 
generally contain very foul pus often with gas forma- 
tion. Characteristically, wounds infected with Bacteroides 
are slow to materialize into a well defined abscess. They 
frequently appear as dzeply burrowing multiloculated 
abscesses developing several weeks after the original 
operation, and require wide and deep drainage com- 
bined with appropriate antimicrobial therapy. Superficial 
wound abscesses were easily controlled with incision and 
drainage. On the other ^and, five patients in this series 
were not cured of deep abscess formation, despite re- 
peated drainage, until appropriate antibiotic therapy was 
begun. One unusual patient, a 26-year-old man, devel- 

oped an otherwise unexplained right upper quandrant 

abscess which grew out B. incommunis in pure culture. 
No antibiotics were given and the resulting sinus tract 
continued to drain intermittently for a year before chlor- 
amphenicol was begun. Finally after further incisional 
drainage and a prolonged course of this antibiotic the 
tract healed. 
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While abscesses are undrained we have cultured Bac- 
teroides from the blood even though the patient has been 
receiving chloramphenicol, emphasizing the need for 
both surgical drainage and appropriate antibiotics. The 
persistence of positive blood cultures while the patient is 
receiving chloramphenicol, emphasizing the need for 
undrained, undetected collection of bacteroides pus. One 
of these patients with an undrained pelvic abscess from 
which B. terebrans was cultured as a single isolate even- 
tually died of metastatic abscess formation even while 
receiving large doses of carbenicillin. The organism was 
never recovered from the blood though it was found at 
autopsy. Another patient with a B. corrodens pelvic ab- 
scess eventually died of sepsis while on a prolonged 
course of chloramphenicol. 

Postoperative wound abscesses usually followed bowel 
resections. Preoperative colon preparation with broad 
spectrum antibiotics and immediate postoperative use of 
kanamycin and gentamicin have not prevented serious 
bacteroides wound infections. Wound abscesses after 
colectomy have also developed despite immediate post- 
operative use of lincomycin and chloramphenicol, though 
these proved to be relatively inconsequential infections. 
We recommend that in any instance where there has 
been significant contamination at the time of colon re- 
section, the patient be started immediately on a bac- 
teroides effective antimicrobial agent. 


Therapeutic Considerations 
Diagnosis 


The major problem in the diagnosis of bacteroides 
sepsis centers around the inevitable delay in obtaining 
bacterial identification due to the culture characteristics 
of these organisms. In this study on numerous occasions 
the nature of the infection was not established until many 
days following death of the patient, We recommend that 
Gram stains be done immediately on wound abscesses 
and all infected material. If gram-negative organisms 
are present which do not immediately grow out aerobi- 
cally then a bacteroides infection must be seriously con- 
sidered. After 48 hours, Gram stains of the initial thio- 
glycollate broth culture should be examined. Pleomorphic 
gram-negative bacilli again should arouse a strong sus- 
picion of these organisms. We have repeatedly demon- 
strated, however, that there may be more than one gram- 
negative, nonsporing bacillus in a wound abscess, one of 
which may culture rapidly as seemingly the only organ- 
ism. Careful bacteriologic technic in a laboratory ori- 
ented toward isolating anaerobes should overcome this 
problem. When blood cultures are sterile for several days 
in the presencé of presumed bacillary septicemia then, 


_ in the proper clinical setting, bacteroides sepsis should 


be strongly considered. We have found that with careful 


BACTEROIDES INFECTIONS 


605 


anaerobic technic we can usually culture an organism 
from wound pus. Negative cultures, while occasionally 
indicative of sterile pus from antibiotic treatment, usu- 
ally have meant either faculty technic in taking the 
culture or in growing the organism. Thus, close coopers- 
tion between the clinician and the laboratory is essen- 
tial in ferreting out these bacteria. 

Speciation of the Bacteroides family is equally as im- 
portant as identifying the genus. While B. fragilis is the 
most pathogenic, accounting for 80% of the bacteroides 
blood cultures and 75% of the deaths from septicemia, 
deaths were also attributed to B. incommunis, B. vari- 
abilis, B. succinogenes, and B. terebrans. The recovery 
of any of these organisms should alert one to the possi- 
bility of a lethal infection. Additionally, the identification 
of the various species of bacteroides organisms demands 
exacting culture procedures which serves as an effective 
quality control for the microbiologic laboratory. 


Treatment 


Currently, the antimicrobial agents most effective 
against B. fragilis are chloramphenicol, clindamycin, 
and carbenicillin. An analysis of the 43 instances of bac- 
teroides septicemia reflects the importance of effective 
antimicrobial therapy. For treatment of all bacillary 
septicemias at our institution there prevails a policy of 
broad spectrum antibiotic coverage, usually with gen- 
tamycin, kanamycin, or one of the cephalosporins, 
coupled with aggressive, prompt drainage of known 
abscesses. In many of these patients, however, the sig- 
nificance of the Bacteroides organism was unrecognized 
or the antibiotic sensitivity studies were reported too 
late to be of any value to the patient. Seventeen of the 
43 septicemic patients were treated with an effective 
antibiotic while the remaining 26 received no antibiotic 
to which the bacteria were sensitive. In all other respects 
the courses of therapy for these two groups were virtually 
identical. Of those 17 treated with an effective antibiotic 
only two (12%) died. Of the 26 not treated at any time 
with an effective agent, 16 (60%) died, striking evidence 
of the importance of antimicrobial therapy in these 
desperately ill patients. A prolonged course of treatment 
is essential when septicemia follows abscess formation, 
and we recommend that antibiotic therapy be continued 
for at least 2 weeks after the patient has become afebrile. 
In this series chloramphenicol and tetracycline were the 
agents used in the majority of instances. 

Currently clindamycin has emerged as the safest and 
most effective drug for use against Bacteroides. Thus far 
we have not found a strain of B. fragilis to be resistant 
to it. The recent introduction of a parenteral preparation 
has extended considerably its usefulness in patients with 
septicemia. In our study carbenicillin and chlorampheni- 
col were effective by in vitro testing in over 79% of 


606 


strains. Each of these agents was used successfully in 
salvaging a seemingly hopeless situation. 

Bacteroides septicemia, peritonitis, and pulmonary in- 
fections may be controlled solely with one of these anti- 
microbials before the focus of infection develops into an 
abscess. Once the abscess develops, wide dependent 
drainage is mandatory. Wound abscesses may be satis- 
factorily treated with adequate drainage alone. However, 
deeply burrowing abdominal wall and pelvic abscesses 
are exceedingly difficult to control, and in this study were 
only eradicated when drainage and appropriate antibiotic 
therapy were combined. A persistent febrile course last- 
ing 10 days after abscess drainage indicated an undrained 
accumulation of pus. Repeated positive bacteroides blood 
cultures in patients being treated with chloramphenicol 
or carbenicillin likewise indicated an undetected abscess, 
and the course of the illness was invariably fatal unless 
the collection was successfully drained. 


Summary 


Bacteroides organisms are being recovered with in- 
creasing frequency as anaerobic culture technics im- 
prove. Once regarded as lowly commensals of the respira- 
tory, gastrointestinal, and genitourinary systems, they 
have now risen to their proper place in the spectrum of 
human pathogens. Their surprising potential for infec- 
tion is revealed through this analysis of 43 patients with 
bacteroides septicemia and 69 patients with soft tissue 
infections. Of those with septicemia who received no 
effective antibiotic, 60% died, although only 12% died who 
were treated with any appropriate drug. Once abscess 
formation has developed, wide dependent drainage cou- 
pled with proper drug therapy become essential if a 
successful outcome is to be assured. 

Our antibiotic sensitivity studies reveal chlorampheni- 
col, clindamycin, and carbenicillin to be the most effec- 
tive antimicrobials, In the proper clinical setting with 
presumed gram-negative bacillary septicemia prompt 
treatment will necessiate the empirical choice of one of 
these drugs before the organism can be identified bac- 
teriologically. Most bacteroides septicemia will be pre- 
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ceded by infections in the abdomen, the lung, or the 
vaginal cuff after hysterectomy. | 

Bacteroides fragilis emerges as the most pathogenic 
and most frequently recovered of the many strains of 
Bacteroides. However, lethal septicemia in this series was 
also attributed to B. incommunis, B. variabilis, B. suc- 
cinogenes, and B. terebrans. Currently our laboratory is 
recovering a Bacteroides isolate in approximately 10% of 
positive blood cultures, and the identification of any of 
these species should alert one to the possibility of a 
lethal infection. 
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Prevention of Pseudomonas Respiratory Infection in a Surgical 


HE APPEARANCE and acceptance of surgical intensive 
T care units in hospitals at both the University and 
community levels has been closely associated with the 
implementation of highly effective pulmonary support 
for individuals who would otherwise surely die from the 
complications of respiratory failure. It has been possible 
in a variety of illnesses, such as acute myocardial infarcts 
cared for in a coronary care unit, to identify measurable 
improvement in the likelihood of survival due to these 
advances in patient care, That data so decisive are not 
available for patients nursed in surgical intensive care 
units is not surprising when one considers the diverse 
nature of those patients admitted to the units and the 
seriousness of their underlying disease. Subjectively, it 
seems that acutely ill patients managed in special care 
units both live longer and survive more often than had 
been the case prior to the development and implementa- 
tion of such units. 

The frequent use of respiratory support in such units 
is associated with virulent respiratory tract infection 
which may counterbalance many of its favorable effects 
and, indeed, the effort of the entire intensive care unit, 
This first came to light via reports that the moisture 
contained within various crevices within standard res- 
pirators was an ideal growth media for a variety of 
organisms, the gram negative bacteria in general and 
Pseudomonas aeruginosa in particular.!™1!8 Experimen- 


‘tally, Pseudomonas aeruginosa has been shown to be par- 


ticularly resistant to normal clearance of pulmonary bac- 
teria.’ Bryant and associates? have recently documented 
a striking tendency of Pseudomonas to produce paren- 
chymal disease once colonization occurs in surgical 
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patients requiring intubation for 48 hours or longer. In- 
deed, many institutions have reported periodic recur- 
rences or epidemics of Pseudomona sepsis in the res- 
piratory tract of patients treated in such special. care 
units.1°:21 Reports from the National Nosocomial Infec- 
tions Study have repeatedly identified Pseudomonas in 
the respiratory tract as a peculiarly prevalent nosocomial 
infection, often centering in special care units.’ 


Causative Factors 


Correction of a major problem of this nature must 
depend upon evaluation of likely causes. The character- 
istics of Pseudomonas aeruginosa on culture are such 
that they are seldom confused with other organisms and 
failure to identify the organism in the past would have 
been extremely unlikely. Clinical science has, therefore, 
not overlooked such infection in the past and the in- 
crease in Pseudomonas sepsis is real. Actually, careful 
consideration of causes for these recurrent epidemics or 
endemics of infection tends to focus upon three major 
factors. The first of these is the high density of very ill 
patients in intensive care units. The size of these units 
is seldom appropriate for the number of beds in the in- 
stitution in question, leading to an unusual congregation 
of extremely ill people in one geographic area. Although 
these illnesses occur from diverse causes, most are of 
such severity that the patients are reasonably predisposed. 
to a variety of other illnesses including sepsis. For ex- 
ample, a recent study has demonstrated the severity of 
underlying disease to be the prime determinant of coloni- 
zation in a related area, the pharynx, by gram-negative 
bacilli. Other factors have recently been evaluated in a 
most precise study from a medical intensive care unit; 
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Table 1 summarizes some of the observations from this 
specific report by Johanson and associates." 

Part and parcel of the intensive care mechanism is 
the transgression of various bodily barriers by mechanical 
devices for both diagnosis and treatment, i.e., the in- 
dwelling central venous catheter,'* the urinary catheter, 
and the intubated airway.’ Such a therapeutic foreign 
body is capable of profound enhancement of sepsis in 
any setting. Indeed, representative foreign bodies are 
worth 100 to 1,000-fold increases in numbers of chal- 
lenging bacteria in the genesis of specified experimental 
infective lesions.'® 

The third precipitating cause of frequent serious res- 
piratory tract infection in the surgical special care unit 
may well be injudicious use of antibiotic agents.’* These 
patients are often maintained on relatively broad spec- 
trum antibiotics, of which the range of sensitivity very 
- often pointedly excludes Pseudomonas and Proteus. 


Possibilities for Correction 


The concentrated grouping of very ill patients in in- 
tensive care units is literally the raison detre and cannot 
reasonably be abolished. The mechanical devices, 
whether used for sophisticated diagnostic observations 
or life sustaining therapy, are similarly indispensable. 
This leaves only antibiotic usage, of the three primary 
predisposing causes, for attention in order to minimize 
nosocomial sepsis in the surgical intensive care unit. 
Twenty-five years of effort to achieve a more. rational 
use of these agents has only slightly influenced ap- 
propriate utilization of these powerful agents.?? 

Other possible causes and/or modification of treat- 
ment is required if a prompt reduction of such sepsis 


TABLE 1. Factors Associated with Colonization of the Respiratory 
Tract in Medical Intensive Care Unit Patients Colonized by 
Gram- Negative Bacteria 


Factor Yes No. p 

Coma: Present 35 26 <0.05 
Absent 60 92 

BUN: >50 mg./100 ml. 10 2 <0.05 
<50 mg./100 ml. 85 116 

Hypotension: Present 19 6 <0.01 
Absent 76 112 

Sputum: Present 71 46 <0.001 
Absent 24 72 

Tracheal Intubation: Present 36 20 <0.001 
Absent 59 98 

Antibiotics: Employed 38 12 <0.001 
Withheld 57 106 

Arterial pH: <7.31 33 16 <0.001 
>7.32 62 102 

Leukocytes/mm:: Yes 37 18 <0.001 

>15,000; <4,000 No 58 100 


Modified from Johanson, Pierce, Sanford and Thomas 
Sex, smoking history, inhalation therapy and anemia did not 
predispose to respiratory tract colonization by gram negative bacteria. 
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is to be achieved. Prevention of colonization of the air- 
way by pathogenic bacteria is not as readily obtainable 
as it is obvious, Specifically, isolation from environmental 
bacteria often achieves even more pronounced isola- 
tion from professional expertise. The inevitable com- 
promises between bacterial protection and nursing ac- 
cessibility more often than not achieve the goals of 
neither. However, there is a highly selected situation 
in which such protection might well be vital. Data from 
other sites and systems show significant delay in coloni- 
zation by pathogenic bacteria when optimal (reverse) 
isolation is practiced. Should such delay offer the 
chance for sufficient patient recovery so that the airway 
intubation could be discontinued before colonization oc- 
curs, the patient would avoid the simultaneous risk of 
colonization and a therapeutic foreign body. 

While one may minimize the spread of bacteria into 
the environment with some available isolators from pa- 
tients in whom airways are already colonized or infected, 
this mechanism can only indirectly influence contamina- 
tion of subsequent patients’ respiratory tracts since con- 
tact spread is substantially more significant in this setting 
than is airborne dissemination. The ultimate usefulness 
of efforts to control contact spread was placed in extreme 
doubt by the studies of Lowbury and associates!® and 
Reinarz and colleagues.” In both reports, application of 
optimum technic to prevent airway contamination was 
unsuccessful in preventing or generally delaying respira- 
tory colonization; the rate of colonization with ordinary, 
reasonable care was not significantly improved by elab- 
orate, diligent and expensive care. Lowbury attributed 
such failures to “lapses in technic caused by ignorance 
or pressure of work.” 

The voluminous and complex data which arise from 
repeated quantitative tracheal cultures in these patients 
will be reported subsequently. However, patients with 
invasive parenchymal pulmonary sepsis often harbor 
more than 1,000,000 organisms/ml. and related studies 
show extreme dissemination into the immediate en- 
vironment. Ordinary isolation of these individuals might 
reasonably reduce the likelihood of contamination of 
other patients in the unit, no mater whether the bacteria 
is airborne or spread by contact. 

A different approach to prevention of contamination 
is that by which normal flora of an organ are altered or 
replaced by organisms of low virulence which are pe- 
culiarly resistant to subsequent challenge by pathogenic 
bacteria, such as Pseudomonas. This has been accom- 
plished in the upper airway of infants,? but the method 
would present special problems in special care units, 
particularly manifest by persisting utilization of me- 
chanical devices. : 

The preventive use of antibiotics is yet another. pos- 
sibility. There are some reasonably well tolerated anti- 
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'biotics which demonstrate activity against Pseudomonas 


aeruginosa. However, these drugs are associated with 
modest side effects and the cost of some are very great. 
Furthermore, the necessary duration of preventive treat- 
ment, assuming that such prophylaxis should continue as 
long as the patient is subject to increased risk, guaran- 
tees the evolution of resistant forms. On both practical 
and theoretical grounds, the requisite duration of treat- 
ment makes true antibiotic prophylaxis extremely un- 
likely to benefit the patient. The utilization of antimicro- 
bial agents apart from’ the traditional sort is far more 
promising since they act to alter certain characteristics 
of bacteria, rendering the microbe more amenable to 
normal host defense mechanisms. R 

Correction of primary or induced defects in cellular 
or humoral (non-specific or non-immune) host defense 
mechanisms is attractive as an ultimate goal, yet methods 
to accomplish such an end consistently are nowhere near 
at hand. 

Surveillance of nosocomial infection provides a fine 
method for detection of subnormal technics which lead 
to clinically documented sepsis. However, once a rea- 
sonable level of performance is attained the improve- 
ments level off, probably via the simple frailties of hu- 
man endeavor lamented by Lowbury.’® Indeed, some 
units, in which Pseudomonal respiratory sepsis seems 
endemic, have been the subject of outside epidemiologic 
scrutiny as well as benefiting from a continuing in- 
ata a well supervised nurse epidemiologist program. 


Rationale 


The alternative to be explored in this report involves 
immunization against the most likely specific pathogen. 
A significant deterrent to clinically efective immuniza- 


‘tion is the presence of multiple antigenic types of a 


given organism which are capable of producing disease. 
In other words, the antibody so stimulated might be 
highly specific for one strain of bacteria and totally in- 
effective against another strain of the same bacteria. 
A common identifiable antigen or a relatively small 
number of antigenic groups of an organism are es- 
sential for clinically feasible immunization at this time. 
The ultimate goal of therapy is to induce antibody 
against surface antigens which will function as effective 
opsonins or as stimuli for cellular immunity. Laboratory 
data suggest that this is feasible and preliminary work 
with certain patient groups also support this concept.1® 
Such immunization will not be likely to be helpful in 
individuals with fundamental immunologic defects such 
as granulocytopenia or agammaglobulinemia. However, 
these patients do not regularly populate surgical inten- 
sive care units and immunization has much to recom- 
mend it. 

Furthermore, seven immunotypes of Pseudomonas 
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aeruginosa have been identified as responsible for many 
of the clinical infections occurring due to that organ- 
ism. The vaccine studied is a colloidal, highly dispersed 
mixture of approximately equal portions of lipopolysec- 
charide antigens derived from a representative strain of 
each of these seven immunotypes of Pseudomonas 
aeruginosa. The total antigenic concentration is 0.85 mg. 
of lipopolysaccharide/ml. of solution. Preliminary stud- 
ies indicated that a distinct increase in antibody levels 
in normal individuals occurs within 7 days, peaking be- 
tween 10 to 20 days and remaining measurable at an 
elevated level for another 200 days. The side effects are 
mild, local and are identified largely by a slight febrile 
reaction in a modest proportion of individuals so treated, 
and occasional leukocytosis. 

Because of the recurrence and/or persistence of 
Pseudomonas respiratory tract infection in the surgical 
intensive care unit of Jackson Memorial Hospital ( Miami, 
Florida) a nearly ideal clinical situation existed for a 
prospective double blind assessment of this vaccine’s 
capacity to control such sepsis. Specifically, the patient 
admitted to the surgical intensive care unit for respira- 
tory assistance manifests a great predictability as to the 
organisms that will ultimately challenge the upper air- 
way, i.e., Pseudomonas, and that bacterium bears a rea- 
sonable number of antigenic types which are likely to 
induce such sepsis. Furthermore, the timing of infection 
appears to be such that it occurs severa] days after ad- 
mission to the unit and the institution of respiratory 
support, allowing development of antibody prior to the 
anticipated challenge. Another advantage to immuniza- 
tion against such infection is the fact that the patients 
are grossly immunologically reactive. Furthermore, re- 
sistant strains are not likely to be selected by this 
process and the side effects of vaccination are minimal. 

As background it is essential to describe this unit 
briefly. It was opened in 1967 in the newest wing of 
the hospital near the recovery room and with easy 
access from the operating rooms. The unit consisted 
primarily of large, open rooms with 4-5 ft. high dividers 
separating groups of four patients from one another. 
Patient census for the period was estimated at 12. Occa- 
sional patients were cared for in individual rooms. 
Throughout the life of the unit and the duration of this 
study, the recommended and ordinarily practiced nurse 
to patient ratio was 1:1, The first seeming epidemic 
of Pseudomonal respiratory tract infection in the unit 
precipitated a visit and epidemiologic review by a team 
from the Center for Disease Control. No specific cause 
for the infections was identified and the frequency of 
Pseudomonas infection in this unit waxed and waned 
over the next 3 years. Despite superbly conscientious 
care and an extremely well-informed staff, a previous 
study carried out in this unit indicated that the hands 
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of the nurses caring for patients ill of invasive respira- 
tory infection frequently were colonized for a period 
of up ta 3 days by these pathogenic organisms, in lieu 
of the nurses’ usual hand skin flora.’ 


Protocol 


All patients admitted to the surgical intensive care 
unit with a reasonable likelihood of requiring ventilatory 
support were included for study, except those patient 
undergoing cardiac surgery with cardiopulmonary by- 
pass. Our preliminary observations of these patients 
indicated that they seldom acquired respiratory tract 
infections, probably due to the fact that intubation was 
seldom maintained for more than 24 hours and that the 
patients required respiratory assistance for only a brief 
period of time. To include such patients would have 
enlarged the denominator, reflecting evidence of pro- 
tection to an unrealistically small degree by the inclusion 
of patients in whom risk of respiratory infection was 
extremely small or nil. The vaccine or an indistinguish- 
able placebo was administered on the day of admission 
and at 2-day intervals three additional times in amounts 
equivalent to one ml. for individuals of 70 Kg. body 
weight and 0.7 ml. for individuals of 50 Kg. body weight. 
Serum was obtained for hemagglutination titers at ap- 
proximately weekly intervals as long as feasible. As long 
as the airway was intubated, quantitative tracheal cul- 
tures were obtained twice weekly or oftener by lavaging 
recently cleansed airways with 5 ml. of sterile saline and 
aspirating the residual volume into a Luken’s trap tube. 
Such cultures were immediately plated and reported in 
terms of colonies per ml. In addition to these. routine 
studies, any site clinically deemed to be the likely site 
of infection was cultured and both the special Surgical 
Microbiology Laboratory and the hospital bacteriology 
laboratory were utilized for identification and verifica- 
tion of infection in all patients. All Pseudomonas isolates 
were immunotyped.® Upon the patient’s discharge from 
the hospital, his entire chart was reviewed, including 
all cultures. A judgment was then made as to whether 
or not the infection had contributed to death if, indeed, 
he did not recover, If such infection had occurred, it 
was determined whether or not Pseudomonas had been 
a participant and whether it was a primary or con- 
tributing cause of death. The code numbers for the drug 


TABLE 2. Resurts in all Patients Admitted to the Study 


Patients Dying 


Pseudomonas 
Due To 


Patients All SEER 
Infection Primary Contributory 


Treatment Treated Causes 


Vaccine 48 21 9 1 g 


Placebo 51 20 11* 5 4 


* Two deaths due to infection did not involve Pseudomonas 
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administration were maintained in Detroit, by Dr. M. W. 
Fisher, and the patients were not decoded until the com- 
plete reports were provided and all judgments made 
in writing regarding the presence or absence of infec- 
tion relative to the contribution of Pseudomonas. 


Results and Comment 


The effects of vaccination, whether completed or not 
and irregardless of whether significant antibody was ob- 
tained, in all patients admitted the study is presented in 
Table 2. Randomization was apparently effective in that 
no significant differences existed between the patients 
allocated to the treatment groups with respect to factors 
commonly thought to induce infection—age, obesity, 
diabetes, steroid therapy—as well as those delineated 
in Table 1, as modified from Johnson et al? Further- 
more, administration of Pseudomonas active antibiotic 
agents did not differ among the treatment groups 
(Table 3). 

The hospital mortality rate did not differ significantly 
between the groups, nor did death due to infection from 
all causes. With respect to Pseudomonas aeruginosa, 
however, there was apparent protection afforded the 
vaccinees against the organism as a primary cause of 
death. Indeed, the one individual vaccinated and dying 
of primary Pseudomonal respiratory sepsis had no mea- 
surable antibody against the immunotype responsible for 
death. The patient was a relatively young man with 
severe acute pancreatitis, who died 7 days after ad- 
mission to the unit. It may well have been that he died 
before active immunization had time to become effective. 

The higher proportion of patients dying among the 
vaccinees with Pseudomonas infection as a contributing 
cause is a moot point. The clinical judgments as to pri- 
mary or contributory causes were made upon complete 
review of all factors in the patients’ disease and were 
not subject to influence. Ordinarily, Pseudomonas sepsis 
judged to be contributory took the form of a positive 
culture, always low quantitatively if in the respira- 
tory tract, without signs of invasive sepsis and with the 
immediate cause of death readily identifiable as 
some other disease upon post-mortem and/or clinical 
grounds. It is further interesting that six of the eight 


TABLE 3. Administration of Pseudomonas Active Antibiotic 
According to Treatment 





Ru Pecudonions! 
Patients Antibiotic Therapy 





Placebo—unchallenged by 


Pseudomonas 30 5 
Placebo—challenged by Pseudomonas 21 12 
Vaccine—unchallenged by ` 

Pseudomonas 27 2 
Vaccine—challenged by 53 A 


Pseudomonas 


Vol. 177 - 


No. 5 


TABLE 4. Results in Patients Surviving Ten or More Days after 
Admission to Study 


Patients Dving 


Pseudomonas 
Patients All Due To =. 
At Risk Causes Infect’n Primary Contributory 
Vaccine 34 7 5 0 5 


Placebo 40 9 8* 3 o 4 


* One death due to infection did not involve Pseudomonas 


patients so judged manifest relatively low antibody titers 
against the homologous infecting strain. 

Within the capabilities of the agent employed, pro- 
tection manifest by measurable hemagglutination titers 
seldom was significant until after the first week post- 
immunization. Table 4 presents the survival data for 
those patients surviving 10 days, thus becoming reason- 
ably likely to benefit from vaccination if they had re- 
ceived the active vaccine. Although the numbers are 
small, this comparison even more strongly defines the 
protection offered the vaccinees with respect to Pseudo- 
monal sepsis as a primary cause of death. 

As expected the vaccinated patients manifested a 
substantially higher antibody titer against all seven im- 
munotypes that did those patients receiving the placebo. 
Table 5 reflects the variable but consistently higher titers 
noted in the vaccinated patients, particularly when one 
notes that all but one patient with low titers in the 
vaccinated group either had a specimen lost (#8), 
only one dose of vaccine (#55 and +60) or a short 
interval between immunization and last antibody de- 
termination (#96 and #102). Neither is it surprising 
that two of the nine patients who received the placebo 
and died with Pseudomonal infection developed signifi- 
cant natural immunity against the infecting immunotype. 

The patients in this study who required a longer 
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period of tracheal intubation were more susceptible to 
Pseudomonal infection (Table 6). Vaccination appears 
to have provided striking protection against Pseudomonal 
colonization in those patients intubated 7 days or less. 
This observation is difficult to interpret since our de-. 
terminations of serum hemagglutination titers seldom 
showed protective levels until the second week. Further- 
more, a few assays were conducted of tracheal secretions 
for protective IgG titers in patients subsequently shown 
to have received the active vaccine; increased titers were 
not found. 

Furthermore, no protection against Pseudomonas air- 
way colonization is apparent when one examines patients 
intubated for more than a week. Study of Table 7 is 
necessary to place these observations in clearer perspec- 
tive. First of all, Pseudomonas colonization is again 
clearly associated with longer periods of intubation. 
Note also that patients who died were intubated for 
shorter periods of time than were survivors if colonized 
by Pseudomonas; we accept this as evidence largely of 
grave underlying diseases and the virulence. of un- 
modified Pseudomonas tracheobronchitis and parenchy- 
mal pulmonary disease. Other interpretations are by no 
means excluded. The most significant difference ameng 
the data provided in Table 7 concerns those patients 
with positive Pseudomonas cultures from the respiratory 
tract. The placebo patients were intubated for much 
shorter periods of time, whether assessed according to 
survival or lumped as a group, than were those receiving 
active vaccine. Thus, the duration of intubation is a 
prime determinant of respiratory infection, and we sub- 
mit that failure to provide protection against colonization 
in vaccinated patients is- due to the greatly prolonged 
periods of intubation which overcome the relative pro- 
tective effects of the vaccine. 

Analysis as to the effect and responses of the method 
of intubation upon the various groups being studied is 


TABLE 5. Antibody Titers in Patients Who Developed Pseudomonas Infections but Did Not Die 





Placebo Treated 














Subject # 7 23 44 64 66 80 87 101 103 
Type of Infecting Strain * Untypeable 7 3 S 2 4 Untypeable 1 
Geometric Mean of the 
Reciprocal of IgG Titers 5 8 — <4 — — <4 ~ <4 
Days Between ist Dose & 
Last Titer 38 48 0 33 0 3 34 0 4 
l Vaccinated 
Subject # 8 24 37 50 52 55 58 60 63 79 83 96 102 
Type of Infecting Strain Í 2 = ig z 5 i 2 2&6 Í 3&7 2&5 2 
Geometric Mean of the 
Reciprocal of IgG Titers — 5 8 40 32 — 4 — 40 16 6 — <= 
Days Between Ist Dose & Last 
Titer — 6 55 44 13 36** 34 p 12 31 13 3 0 
* Not typed 


** Received only one dose of vaccine 
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not informative. Typically, orotracheal or nasotracheal 
intubation was initiated and tracheostomy was seldom 
practiced until it became clear that intubation would be 
necessary for more than 3 to 5 days. Therefore, the use 
of tracheostomy is intimately associated with prolonged 
intubation and in this experience it has not been possible 
to separate the two for determination of ultimate effect. 

_As described in Bryant and associates’ related study 
of respiratory infection in surgical patients requiring 
ventilatory assistance,’ multiple organisms were re- 
peatedly identified in sputum and aspirate cultures. 
While Pseudomonas aeruginosa frequently predominated, 
pure cultures were seldom found, even in placebo- 
treated patients. Fungal infection did not supervene in 
vaccinated patients. 


Other Perspectives 


A useful scheme for evaluating the seriousness and 
significance of respiratory infection by Johanson and 
associates!’ has not been applied to this experience. 
Sequential review of chest roentgenograms plus all re- 
lated data is now under way so that the effects of 
vaccination can be assessed in this light. It is the authors’ 
impression that this more carefully weighted analysis of 
respiratory sepsis will not alter Beene the findings 
presented herein. 

An assumption made in this study and widely con- 
firmed in scientific reports on the matter was that in- 
vasive respiratory infection did not occur until several 
days after intubation, thus allowing active immunization 
to develop reasonable antibody by the time of the antici- 
pated infective challenge. Comparison of Tables 2 and 
4 show clearly that four deaths occurred due to infec- 
tion in 9 days or less after admission to the unit among 
vaccinated individuals and three among those receiving 
the placebo. Among these seven deaths, Pseudomonas 
was a factor in six. In other words, death due to infec- 
tion occurred in 7 per cent of all patients admitted to 
the study (or 16% of all deaths) prior to a time when 
active immunization might have reasonably been helpful. 
One must consider augmenting this effort with passive 
protection, such as hyperimmune globulin or plasma, 


TABLE 6. Effect of Duration of Respiratory Intubation upon Sub- 
`` sequenti Pseudomonas Airway Colonization According to 
Vaccination Status 


Patients With Cultures 


Method Duration of Negative for Positive for 


of Treatment Intubation Pseudomenas Pseudomonas 
Placebo <7 days 19 11 
Vaccine $7 days 22 2 
Placebo >7 days 7 9 


Vaccine >7 days 3 is 
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TABLE 7. Median Duration of Intubation According to Vaccination 
Status, Airway Colonization and Survival 


Pseudomonas Median Duration 
Treatment Culture Survived -of Intubation 
Placebo — ` Yes 2 Days 
Placebo — No 5 Days 
Placebo s Yes 7 Days 
' 7 Days ` 
Placebo + No 5 Days: 
Vaccine — Yes 1 Day 
Vaccine — No 4 Days 
Vaccine + Yes 20 Days 
} 15 Days 
Vaccine -+ No 13 Days i 


providing early passive protection while awaiting the 
seeming benefits of active immunization. This approach 
must first await verification that simultaneous initiation 
of both passive and active immunity are not mutually 
incompatible. 

This study indicates that consistent but modest pro- 
tection against primary Pseudomonas respiratory infec- 
tion is achieved in patients in surgical intensive care 
units by use of active immunization with a heptavalent 
vaccine. Since overall survival rates were not impraved 
among vaccines, it appears that near elimination of the 
primary pathogen is followed by a relative increase in 
death rates due to other causes, including infection due 
to other organisms. Additional carefully controlled and 
blinded studies will be essential to confirm that these ob- 
servations are valid and applicable to other units. 

There is an obvious need for a continuation of this 
study until the data’ more fully support or fail to con- 
firm the efficacy of the agent and/or concept. However, 
termination of a prospective, controlled study of this 
complexity appeared advisable when both authors 
moved to other assignments. 


Summary 


Active immunization with a heptavalent Pseudomonas 
vaccine produces significant increases in antibody titers 
and may favorably influence: respiratory colonization by 
the specific pathogen. 

Vaccinated patients were less prone to death primarily 
due to Pseudomonas aeruginosa than were their placebo 
treated controls. Vaccinated individuals who developed 
Pseudomonas infection, usually: contributing to but not 
causing their death, frequently had not obtained ade- 
quate antibody levels against the homologous infecting 
strain. 

The moderately high frequency of death due to infec- 
tion within 10 days of admission to the unit and initiation 
of vaccination suggest a possible trial to determine the 
efficacy of a combination of passive and active immuni- 
zation. 
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sity of Kentucky Medical Center prompted us to evaluate the 
polyvalent vaccine in a study which is very similar to Dr. Polk’s. 
The study group included 124 patients who had suffered mul- 
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cardiopulmonary disease. 

[Slide] Administration of the vaccine was double blind with 
saline placebo, and four injections were given on alternate days. 
The vaccine patients received 0.60 to 1.02 mg. of antigen per 
dose, according to body weight, and this may be somewhat dif- 
ferent than the amount of antigen which was given by Dr. Polk 
in this study, 

This first slide shows 124 patients. Four doses were given on 
alternate days, this being the dosage. [Indicating] 

[Slide] As you can see, the patients were fairly evenly divided 
between the placebo and vaccine groups, 61 receiving the vac- 
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cine, 63 receiving the placebo. Pseudomonas-positive patients— 
that is, Pseudomonas which was isolated from wound infection, 
the urinary tract, or intra-abdominal sepsis, as well as the 
tracheobronchial tree, occurred in 21 of the patients who re- 
ceived vaccine and 18 of the patients who received the placebo, 
for no significant difference. 

As far as Pseudomonas deaths were concerned, there were eight 
total Pseudomonas deaths in the vaccine group, three of a pri- 
mary nature, five contributory, as opposed to three in the placebo 
group, one in whom we felt that the death was primarily due 
to Pseudomonas, two in which the Pseudomonas was contributory. 

The occurrence of only three deaths in the placebo group sug- 
gests the failure of the vaccine. 

Of the 11 patients who died of Pseudomonas infection, pneu- 
monia was considered the primary cause of death in five, and 
four of these five had received the vaccine, 

It was disappointing to us to see how frequently our vaccinated 
patients failed to develop high hemagglutinin titers against the 
specific serotype that was associated with their infection. We are 
at a loss to explain the difference between our study and that 
of Dr. Polk. As you can see, since probably the only journal 
which would accept it would be the Journal of Negative Results, 
which has not yet been published. 
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But there is one point that I believe needs to be made, and 
Dr. Polk has already alluded to it: patients who are in any sur- 
gical intensive care unit represent a broad range of difficulties. 
There are many pr:mary problems associated with these patients. 
They represent a wide variety of age groups. Many have pre- 
existing pulmonary diseases. Many have different antibiotic cov- 
erage prior to the development of the Pseudomonas infection, etc. 
We suspect that the results from a large number of patients will 
have to be studied before we can come to a satisfactory conclu- 
sion as to whether the vaccine is valid or not. 


Dr, Harran Srone (Atlanta), discussing Paper No. 13: The 
patient in the intensive care unit is the prime candidate to develop 
`a Pseudomonas infection. He is usually on an antibiotic with a 
broad spectrum, seldom effective against Pseudomonas. In addi- 
tion, he is often on some type of ventilator, which almost always 
has a humidifier. 

[Slide] Several years ago we cultured the apparatus in our in- 
tensive care unit, and found that almost everything harbored 
Pseudomonas or hospital Staphylococcus aureus. It was to these 
items that the patient was being exposed constantly. Thus one 
takes an approach to clean up the unit and thereby to prevent 
or control bacterial colonization. Antibiotics are often tried as 
well, but pathogenic organisms soon become resistant to the anti- 
biotic. This study. by Dr. Polk is a very worthwhile effort in an 
attempt to help the patient develop Care immunity. 

[Slide] Hopefully by the time that there is a change of the 
respiratory flora some immunity to Pseudomonas will have de- 
veloped. In a series of burn patients whose pulmonary flora 
initially had a low incidence of Pseudomonas, this was altered 
over a period of several weeks to where almost each patient had 
Pseudomonas in their sputum. Possibly the immune response may 
have developed to this particular backer within this per- 
missible time span. As Dr. Polk has pointed out, there appears to 
be a good effect if the patient can live as long as 10 days. There- 
after, some degree of immunity seems to be present. From my own 
data, it would appear that this technic offers great promise. 


Dr. M. Berr Myers (New Orleans), discussing Papers No. 
13 and 14: I, mainly, want to stress the importance of bacteroides, 
and present a little clinical trick that may be of help in the 
presumptive diagnosis of this often serious infection. 

[Slide] This is a patient with gangrene of the foot, and some 
years ago we were interested in estimating the blood supply by 
a a vital dye. 

[Slide] We gave the patient fluorescein, which you can see 
here, but in the eem area we noted a brilliant red pigment. 
At the time we did not think much of it. However, we did ident- 
ify it in about seven different patients, and it was not until about 
7 years ago—after the publications of Drs. Stone and Polk that 
Pseudomonas produced a fluorescent pigment—that we thought 
perhaps this was a bacterial pigment. 

[Slide] After muck effort, Dr. George Bornside was able to 
culture from these patients an.organism which [slide] showed 
the identical fluorescent pigment, and this is Bacteroides melanin- 
ogenicus, a species which, in our hospital, is the most common 
cause of serious bacteroides infection and death. This can be 
identified by its fluorescence in both pus [slide] and in tissue. 
This is a sponge which was soaked in pus from an abscess. 

[Slide] This and the next slide show a patient who had a 
severe perirectal necrotizing infection which led to his death. 
[Slide] And the last slide shows this area under the UV light, 
showing the brilliant fluorescent pigment. As Dr. Nobles stated, 
this organism can be very difficult to grow, and it frequently 
will not grow in thioglycolate broth. So if you suspect it, and 
get a Wood's Lamp away from your dermatologist and shine it on 
the wound, and you see it—a red pigment—ask the bacteriologist 
to grow it in blood ager in true anaerobiasis with about 5% carbon 
dioxide. Then, more likely than not, it can be grown. 


Dr. Jonn L. Faremcer, JR. (Nashville), discussing Paper 
No. 13: Following the development of Pseudomonas infection in 
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several patients at the Baptist Hospital Intensive Care Unit in 
Nashville, we cultured tracheostomy wounds, endotracheal suc-. 
tion catheters, and the connections and tubings of the respirators. 
We were shocked to find Pseudomonas in a high percentage of 
the samples. 

We have instituted intensive retraining of the nursing person- 
nel, We have insisted cn a separate sterile glove and endo- 
tracheal catheter for each suction procedure. We have insisted 
that the isolation booths which are available in the intensive 
care unit, and which the nursing personnel are resistant to using, 
be utilized. 

These are things that we can all do, and all should do, until 
Dr. Polk or someone comes up with an effective vaccine that 
will be available for general use. 


Dr. Francis C. Nance (New Orleans), discussing Paper No. 
13: I would also like to discuss Dr. Polk’s paper. We have been 
using a similar vaccine for another good candidate for Pseudo- 
monas infection—bumn patients—and have had remarkably similar 
results, so that I wish mainly to support his observations. 

We have not seen any difference in the colonization rates of 
the two groups of patients, We have not really seen any difference 
in over-all death rates, because the seriously burned patients have 
had the same incidence of death; but the incidence of death from 
Pseudomonas sepsis has decreased in the vaccinated patients. 

One other thing that has been noted with this vaccine has been 
a significant incidence of reactions, particularly in patients who are 
not very seriously ill. When it has been used to avoid Pseudomonas 
infection, for instance, in patients with cystic fibrosis, it has had 
to be discontinued in some because of reactions. I wonder if 
Hiram has seen any of these reactions in the group of patients 
that he is working with. 

We have also had some experience in experimental burns, using 
both passive and active immunization. Uatortunctely, the passive 
immunization appears to interfere with the active immunization, 
and it may be that this is not going to be a possible solutior: to 
the early vaccination, or early protection of patients. 


Dr. Georce H. A. CLOWES, Jr. (Boston), discussing Paper 

No. 13: Gentlemen, just to emphasize the importance of what 

Dr. Polk has been talking about, about 2 years ago we analyzed 

all the deaths that occurred on our service, and much to my sur- 
rise, I found that 65% of the deaths that occurred were caused 
y pulmonary infection, or pulmonary failure. 

Dr. Polk finds that the great majority of these deaths are caused 
by Pseudomonas, and exactly the same thing occurs with us, but 
22% of the patients proved to have Klebsiella, and this is about 
as untreatable as Pseudomonas. As Dr. Stone and others, the 
problem has been treated by not exposing the susceptible patients 
to the Pseudomonas. By careful sterilization on a ra asis of 
the respirators, the use of completely sterile technic for aspira- 
tion, new catheters, gloves, etc-—the use of nper Sue the 
fact that we have an open intensive care unit, our incidence of 
this ae of infection in exactly the same patients has been re- 
duced by approximately 34%. So I believe there is hope in terms 
of the sn i ee use of all the technics we have available. 


Dr. Hmam C. Porr, Jn. {Closing discussion of Paper No. 13): 
I am very grateful to find that there are obviously some prob- 
lems with sepsis of this sort in someone else’s hospital. 

I would like to address my comments in sequence to the 
discussants, and would like to begin with Ward Griffen’s comments. 

We have known for some years—at least 3 years—that these 
studies were running concurrently, and we were quite aware 
that the results, when they were initially analyzed, were going in 
opposite directions. There are several things that you could look 
for: different patient populations, different periods at risk, et 
cetera. I do not think this would explain the kind of observation 
that Ward is making. 

Primarily, you would have to say, though, that if they were 
not getting antibody levels, I would be surprised if they had 
gotten protection anyway. I think you must have the one to get 
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the other, and I cannot quite understand, with relatively well- 
-controlled vaccine, why we should have. consistently gotten rela- 


tively high hemagglutination titers, and a similar group of patients 
being cared for in another place did not respond similarly. 

; I think this really resolves the differences between the two 
studies. If they were getting irregular protection in terms of im- 
munization and actually measurable IGG titers, and we were 
getting consistently good titers, then there is really very little 


` dnconsistency in the clinical results. 


There are some comments I would particularly like to make, 
and I would like those of you who are interested to make an 
effort to review the manuscript for some references that I have 
found very informative. I liked particularly Dr. Farringer’s com- 
ments, anc. Dr. Clowes’, in which you deal with the concept of 
perfect technic and re-interesting everyone in doing a better job. 

Unfortunately, human nature is a prevalent disease, and Low- 
bury and Reinarz, Sanders and their associates have both under- 
taken very careful prospective studies of optimal technic to con- 
trol respiratory spread of infection in the ICU, and found that it 
inevitably failed. The stress of work and the concern of the girls 
for the welfare of the patients almost inevitably lead to breaks 
in technic that lead to spread of infection of this sort. 

I think the point that Dr. Nance raised about the reactions 
is an important one. We deliberately, at the institution of this 
study, lowered the dose from that which had been used in most 
burn patients, to try to avoid this. We found that about 60% of the 
patients became febrile up to 101°. However, the kind of patients 
that populated our ICU had sufficient reason for fever, and it 
was not easy to blame that on the vaccine consistently. Further- 
more, about 30% had an identifiable small leukocytosis that we 
thought was due to the vaccine, and not related to other factors. 

We are quite aware of the possibility that massive immuniza- 
tion might interfere with this response, and this comes to the 
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question that George Sanders asked: Would it not be possible 
to predict several days in advance which patients are going to 
require respiratory assistance, and begin this form of active im- 
munization 4 or 5 days before their anticipated admission to the 
unit? 

Well, in our setting this just was not feasible. Our predictions 
as to who is going to require respiratory assistance are extremely 
poor, You never quite know who is going to be sick enough, and 
the great bulk of these patients, at least that we cared for, were 
patients who came in under emergency circumstances. 

I appreciate their comments, and I particularly appreciate Dr. 
Stone putting so much of this in perspective. Ours is but one 
way to deal with it. I am sure there are others, but I appreciate 
your interest and your comments. 


Dr. Eucene R. Noses, Jr. (Closing discussion of Paper No. 
14): I appreciate Dr. Myers showing us his most interesting slides. 
This fluorescence, the result of some breakdown product of 
Bacteroides melaninogenicus, is a curious phenomenon and I be- 
lieve bacteriologists are not certain exactly what causes it. 

Dr. Myers is quite right that these organisms are, perhaps, the 
most fastidious of all the bacteroides species, and we are not sat- 
isfied yet that our culture technics are picking them up on wound 
pus. However, our blood culture methods certainly fulfill his cri- 
teria, and I believe if the organisms were invading the blood 
stream, we would be finding them. So we are not certain right 
now just where B. melaninogenicus lies in the spectrum. 

I think the essence of what we are trying to say here is that 
this organism has now risen to its proper rank in the spectrum 
of human pathogens. Usually it is a lowly commensal of the 
mouth and the colon but on occasion it can act up badly, and I 
think the failure to recognize this potentiial can sometimes, in fact, 
be a lethal mistake. 


Mammographic Examinations (4030): 


Ten-Year Clinical Experience in a Community Medical Center 


HE PURPOSE of this paper is to report some of the 
j (cir gained from a 10-year mammographic 
program. We feel that this study is unique because of 
the early date of its inception and the relatively large 
number of definitive examinations performed on pre- 
dominantly symptomatic patients in a voluntary com- 
munity medical center. Because of the increased em- 
phasis placed on the early detection of mammary cancer 
and the proliferation of diagnostic centers for this pur- 
pose it is felt that our experiences may be helpful to 
others contemplating such a program. 


Material and Method 


In 1962, St. Vincent’s Medical Center of Jacksonville, 
Florida, participated with 23 other medical institutions 
in a reproducibility evaluation of the Egan Method of 
Mammography, under the direction of the U. S. Public 
Health Service and the M. D. Anderson Hospital. Hav- 
ing thus started in 1962, the study presented in this 
report includes our experience at St. Vincent’s Medical 
Center over a 10-year period through October 1972 dur- 
ing which time 4,030 mammographic examinations were 
performed. The data to be analyzed in this study are 
based upon 3,030 consecutive examinations. The first 
1,000 of the 4,030 have been excluded because sufficient 
data were not recorded during this learning period. How- 
ever, during this initial phase a measure of expertise was 
gained in the technical aspects of mammography and the 
interpretation of mammograms. Also, team cooperation 


was established between radiologists, surgeons, and pa- 
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thologists. Physician acceptance and participation de- 
veloped slowly since the program was almost totally 
dependent upon the ndividual doctor discovering a 
clinically unsuspected mammary cancer through mam- 
mography. 

The Egan technic,” with minor modifications, was em- 
ployed until February 1972 at which time a Mammorex 
Breast Diagnostic Unit was obtained. All patients in this 
study were referred by physicians, the majority because 
of breast problems, many having palpable lesions and 
others with complaints such as nipple discharge, breast 
pain,, ete. Accordingly, emphasis has been placed upon 
the differential diagnosis of mammary lesions with the 
detection of cancer as the primary goal. In addition to 
bilateral memmography, with few exceptions, each pa- 
tient had physica] examination of her breasts and axillae 
performed by the radiologist. 

Based upon our findirgs and those of many others,116 
we believe that mammography is most productive in 
women over the age of 40 years and especially in post- 
menopausal women. We do not encourage mammogra- 
phy as a screening procedure in women under 30 years 
of age because of the low yield in this group. Mam- 
mographies are performed in those under 30 years only 
upon request of the referring physician for investigation 
of specific problems.’ With the increase of physician in- 
terest in mammography the complexion of the study has 
begun to shift toward the examination of asymptomatic 
women purely es a screening procedure, emphasizing 
patients in the high risk group. We feel that this fore- 
going clarification relating to material is important in 
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order to point out that mammography as performed in 
the community health center is difficult and time-con- 
suming, requiring professional expertise in the majority 
of cases. Such a program is in contrast with mass screen- 
ing programs in which most of the women are asympto- 
matic anc presumably normal. In the latter type program 
since fewer problem cases are encountered the process 
is simpler so that paramedical personnel might be uti- 
lized to a degree but the yield is understandably iower.114 


Findings and Discussion 


In the 3,030 consecutive examinations suitable for 
analysis which includes all patients who had mammogra- 
phy over the past 6 years (November 1966-November 
1972), 191 cancers of the breast were discovered and 
proven by biopsy, an incidence of 6.3% (Table 1). Of 
these 191 cancers, 170 (89%) were diagnosed or sus- 
pected on mammography. Of these later 170 cancers, 35 
(20.6%) were occult (non-palpable, clinically unsus- 
pected cancer), having been discovered by mammogra- 
phy alone (Table 2). These 35 cancers, comprising 18.3% 
or nearly 1 in 5 of the total number of cancers discov- 
ered, weuld have been missed had mammography not 
been done. In the entire series of 3,030 examinations the 
incidence of occult cancers was 1.1% or 11 per 1,000. In 
these occult cases the diagnosis of cancer rested upon 
radiographic evidence of a characteristic breast mass in 
one-third of these examinations, suggestive calcifications 
in one-third, and both of these findings in the remaining 
third. 

Of those 35 patients having occult cancers, the young- 
est was 23 years and the oldest 83 years of age (Table 3). 
Twenty-three of these patients (65%) were 50 or over 


while 12 (35%) were under 50 years of age. Among the 


12 cases in patients under 50, nine were in the 40-49 
year group, two in the 30-39 year group and one was 23 
years of age. These findings show that mammography is 
most productive in individuals past 40. It is equally ap- 
parent that there is a rapid drop-off in the cancer yield 
in the younger age group. 

Many investigators have drawn attention to the high 
risk group (Table 4) because of the greatly increased 
incidence of mammary cancer in such women.®:.813,14 
In this study we regard. the high risk group as consisting 
of those women who have or have had cancer in one 
breast and of those having close female relatives (espe- 
cially mothers and sisters) who have had cancer. Of the 
191 cancers in the present study, 25 (13%) occurred in 
patients with bilateral mammary cancer at the same or 
different times. 

Because of this high incidence of bilaterality, mam- 
mography is strongly recommended in patients with 
clinically obvious cancer in one breast to avoid overlook- 
ing a possible occult cancer in the opposite breast 
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TABLE 1. Total Number of Definitive Cases Analyzed, Number of 
Cancers Detected, and Cancer Incidence. 

Total Mammographies Performed 1962-1972 4030 

Definitive Cases 1966-1972 3030 

Cancers Detected 191 

Cancer Incidence 6.3% 


Incidence of Occult Cancers as Related to Total Cancers 
Found and to Total Mammographies Performed. 


TABLE 2. 





Total Cancers Discovered 19] 

Occult Cancers Discovered 35 
‘Per Cent of Total Cancers 18.3% 
Per Cent of Total Mammographtes 1.1% 


(Table 5). In the first 96 cancers in the earlier years of 
this study, data relating to the family history are not 
available. However, in the remaining 95 consecutive 
cancers found in more recent years, ‘such data are ayail- 
able, showing a family history of mammary cancer in 13 
(13.7%). In this group of 95 cancers either bilateral dis- 
ease, a positive family history. or both occurred in 24 
instances (25%). 

In mammary cancer lymph node involvement is inti- 
mately related to prognosis,?>** In this study statistics 
are available in this regard in 160 of the 191 cancers. In 
these 160 patients axillary lymph nodes were positive in 
76 (48%). Figures are available in 30 of the 35 occult 
cancers, the nodes being negative in 19 (63.3%) and posi- 
tive in 11 patients (36.7%). Thus, there is a gain of 12% 
in regard to nodal involvement in this occult group of 
cancers which will no doubt be reflected in an improved 
prognosis. As our program becomes increasingly weighted 
with the screening of asymptomatic women, more earlier 
lesions will be found and there should be further de- 
crease in the rate of nodal involvement. No pattern was 


TABLE 3. Age Incidence 


Under 40 Over 40 
All Cancers 10 181 
Occult Cancers 3 32 
Cancers Missed on Mammo- 
graphy 2 19 


This table shows the age incidence in all cancers found, as weil as 
in those undetected by mammography. In the three above groups 
there is an obvious preponderance i in each group of women over 40 
years of age. 


TABLE 4. High Risk Group 


Positive Family History 13.7% 
Ca. Opposite Breast 11.5% 
Both of Above 25% 


This table illustrates the main categories included in the high 
risk group and their incidence as found in this study. 
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TABLE 5. The Importance of the Contralateral Breast in Patients 
Having or Having Had Mammary Cancer. 








Occult Breast Cancers 35 
With Cancer of Opposite Breast 13 or 37% 
Previously 8 
Concomitantly 5 


discernible to show that model metastases relate to age. 

The age of the woman is a key factor in mammogra- 
phy, having a profound influence on the yield of cancer 
diagnoses.!.11,15.17 Of the 191 cancers in this series, 181 
(95%) were found in patients in the 40 years or over age 
group. Among this series of 191 cancers, the age spread 
was from 23 to 87 years, only 10 (5%) occurring in pa- 
tients under 40 years of age. These figures support our 
above stated policy regarding the selection of patients for 
mammography. 

It is obvious that women in the high risk group should 
have mammography initiated and repeated as often as 
the clinical situation dictates.* There is a growing feeling 
that women over 40 years of age should be studied by 
mammography periodically.*74 Several studies are un- 
derway and others shortly will be launched to test the 
validity of the pclicy of mass screening in the over 40 
age group. The woman with a solid lump in the breast 
poses a special problem, this being an indication for 
mammography in those over 30 years of age and in 
younger women -if indicated by clinical circumstances. 

Of the 191 cancers in this series, 21 (11%) were missed 
by mammography (false negatives) (Tables 6 and 7). 
In 11 of these the breasts were excessively dense so that 
the lesion could not be visualized. In five instances the 
lesions could not be visualized even though the films 
were technically adequate and carefully examined; this 
margin of error was inherent in the method. Two were 
missed because the position of the tumor in the breast 
made it impossible to include it on the film. Two were 
missed because of an error in interpretation, seen in 
retrospect on re-examination of the films. The remaining 
cancer was missed because of faulty technic (blurring 
on the film secondary to motion). 


TABLE 6. False Negatives 
Cancers Missed on Mammography 21 
Dense Breasts 
Small Lesions 
Faulty Technic 
Recent Aspiration 
Error in Interpretation 
Inaccessible Lesion 
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The factors influencing the failure of detection of cancers by 
mammography are shown in 21 cases. In some cases, more than one 
factor contributed to the failure. The false negative rate was 11% 
which is similar to that reported by others. 
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TABLE 7. Detection of Mammary Cancer 





Total Cancers Found 


191 
Physical Examination i 


Found 156 or 82% , 

Missed 35 or 18.3% 
Mammographies . 

Found 170 or 89% 

Missed 21 or 11% 


Both Exams Essential for Best Results 


The detection of the maximum number of breast cancers re- 
quires the combined modalities of physical examination and mam- 
mography in each case. Each modality will reveal some cancers 
which could not be detected by the other. 


In three instances in which lesions were missed, as- 
piration had preceded mammography. The edema and 
hemorrhage incident to aspiration may well interfere 
with the radiologist’s interpretation. We suggest that 
aspiration be delayed until after mammography, 

It is well known that dense or glandular breasts most 
commonly found in vounger women but which occa- 
sionally occur in older women mitigate the accuracy of 
film interpretation.?1°16 Conversely, fatty breasts, most 
common in older women but which occur in some 
younger women, greatly facilitate the accuracy of the 
mammographic reading.1°16 These are basic observations 
and are supported by cur experience. 

Of the 21 cases not suspected or diagnosed by mam- 
mography, 20 had palpable breast masses which led to 
biopsy. This points up the importance of the physical 
examination since 10% of the 191 cancers would have 
been missed had we relied on mammography alone 
(Table 7). The remaining patient of these 21 had biopsy 
because of a bloody nipple discharge. 

Figures relative to false positive readings are not avail- 
able because of insufficient data. However, in series re- 
ported by others the false positive rate varied between 
5 and 10% which is probably a representative range. 13 
False positives pose no threat since biopsy should always 
precede definitive treatment. 

Of the 191 cancers in this study, 35 (18.3%) were oc- 
cult as noted, leaving 156 (82%) in which there were 
symptoms and/or physical findings which led to biopsy. 
Biopsy was recommended on the basis of mammographic 
findings in 89% of these cases. Eleven per cent of the 
cancers would have been missed by mammography alone 


and 18% (the occult cancers) would have been missed by’ 


clinical examination alone (Table 7). It is thus obvious 
that for maximum diagnostic accuracy, both modalities 
are necessary in every case. 

Let us state emphatically that mammography is not a 
substitute for biopsy.1° Every breast lesion suspicious of 
cancer should be subjected to biopsy.5814 


The overall yield of 6.3% cancers or 63 per 1,000 ex- 


aminations in this series appears high when compared 
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with the figure of 2.72 per 1,000 examinations recently 
reported by Strax et al.415 in a group of 20,000 women. 
This discrepancy is explainable since the group reported 


$ by Strax was made up of predominantly asymptomatic 


women examined in a mass screening program, In con- 
trast, most of the 3,030 women in the present study had 
clinical complaints or findings relating to their breasts. 
‘We believe that the higher yield experienced in the study 
at St. Vincent’s Medical Canter would more closely ap- 
proach that to be expected in other similar community 
institutions. 

For a mammographic program to succeed in a com- 
munity hospital the team approach is essential as em- 
phasized by Egan® and by Hayden. This team must 
include the referring physician, the radiologist, the sur- 
geon and the pathologist.°® The key person in this team 
is the radiologist as the value of mammography is di- 
rectly proportional to his expertise and interest.? The 
accuracy of mammography is dependent upon constant 
attention to technical details and striving to improve 
results on the part of the radiologist. The surgeons bene- 
fits from mammography in térms of earlier diagnosis 
which should result in higher cure rates and longer sur- 
vival of his patients. This view is supported by the studies 
of Strax? and Egan® who estimate the lead time gained 
in these cancers found by mammography alone to be 1 to 
2 years. 

The total quadrant type of biopsy by the surgeon, the 
specimer: mammography employing the Faxitron or simi- 
lar device by the radiologist to be sure the suspicious 
lesion is included in the specimen,®!? and the bread load 
method of localizing. the specific area to be sectioned by 
the pathologist exemplifies the team cooperation to which 
we refer.” 

An active mammographic program will result in an 
overrall increase in staff awareness and interest in the 
problem of mammary cancer.’ This has been shown to 
cause a substantial increase in the number of breast biop- 
sies performied with a concomitant increase in the num- 
ber of early lesions discovered and of the number of 
patients being free of nodal involvement.® 

It would appear on the basis of results now available 
that mammography offers a definite promise of improve- 
ment in an area in which cure rates have been disap- 
pointingly stable for many years.5.12.14.15 


Conclusions 

l. This study spans a 10-year period during which 
4,030 mammographic studies were performed, of which 
the last 3,030 were utilized for analysis. 
_ 2. All patients in this study had both mammographic 
‘and clinical examination of the breasts, a combination 
which we feel is essential for maximum accuracy in can- 
cer detection. 
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3. In 3,030 mammographic examinations 191 mam- 
mary cancers were found, a yield of 6.3% or 63 per 1,000 
examinations. 

4. A detection rate of 85-90% of mammary cancer can 
be expected through mammography. The rate in this 
series was 89%. | 

5. Thirty-five unsuspected (occult) cancers (18.3% of 
191) were detected by mammography alone and would 
have been missed without this modality. 

6, Twenty-one cancers (11%) were detected by clinical 
examination alone and were not shown on mammography. 

7. A diagnostic program utilizing mammography can 
be practical and productive in a voluntary community 
hospital. 
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Cancer of the Breast: An Analysis of the 222 Non-Survivors in 


Our Personal Series 


CHARLES W. McLAUGHLIN, JR., M.D.,* JOHN D. COE, M.D. 


PARTIAL REVIEW of the recent voluminous literature 
A on malignancy of the breast indicates that the 
major interest centers on variations in surgical therapy 
and its effect on survival. Interest in this problem for 
over three decades has initiated this study.in depth of 
patients in our series who have succumbed with mam- 
mary cancer. Relatively little attention has been given 
to this segrnent of patients. 

Our material covers every patient seen in our private 
practice with cancer of the breast from 1946-1972. All 
cases are included regardless of stage or treatment em- 
ployed. Our figures therefore, reflect the overall picture 
presented by this disease in our area (Table 1). 

We have cared for a consecutive series of 457 patients 
with cancer of the breast of whom, 235 are now alive 
and 222 have succumbed. In the entire series extending 
over 26 years; only four patients have been lost to fol- 
low-up study. The lesion was bilateral in 24 cases or 
5.2%, a figure somewhat lower than that reported in other 
series. It is significant, however, that 16 of the deceased 
patients -had bilateral lesions while only eight of those 
living have bilateral involvement. 

In these 457 patients, 129 or 28.2% (Table 2) were 
considered by our classification to be advanced when first 
seen, This means that one or more of the following 
criteria were present: 1. The primary lesion was over 3 
cm: in diameter. 2. There were four or more involved 
axillary lymph nodes. 3. There was extensive skin involve- 
ment or finally, å. There was evidence of distant metas- 
tasis. Contrary to the experience of some others, we are 
continuing to see almost the sarne percentage of advanced 
lesions today as we did 20 years ago. It is significant, 
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however, that 42% of the 222 patierits now dead fulfilled 
the requirements of advanced lesions while the figure for 
the 235 surviving patients is 14.4%. 

The age differential between thé living and the de- 
ceased patients is shown in Table 3. There was a sig- 
nificantly higher percentage (33.9%) of survivors in those 
developing cancer prior to 50 years of age and a pro- 
portionately higher figure (29.5%) for patients deceased 
in the 70 to 90 age bracket. This latter figure represents 
the rate of mortality from both malignancy and other 
medical causes of death in this older age group. 

Confirming the observations of others, those patients 
now dead had larger tumors (Table 4) than in the sur- 
viving group. It is significant that 36.3% of the deceased 
were admitted with lesions over 3 cm. in diameter while 
only 10.9% of the living group surviving from five to 25 
years had primary tumors over 3 cm. in diameter., 

Standard surgical procedures were employed in the 
treatment of the 222 deceased patients. Simple (total) 
or modified radical mastectomy was the procedure of 
choice in 13.9% of this series. The more conservative pro- 
cedures were used in 3.4% of those patients surviving to 
date. 

Our previous studies and the observations of mariy 
others have convinced us that the degree of axillary nede 
involvement (Table 5) is most important from a prog- 
nostic standpoint. Our overall incidence of positive nodes 
was 50.9% in the entire series but 69.3% of those now dead 
had positive nodes in contrast to only 33.6% of those still 
living. We believe that the number of siodes involved is 
significant. Our continuing studies confirm an earlier 
observation that fewer than four positive axillary nodes 
found with a dissection yielding above 20 lymph nodes, 
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Taste 1. Cancer of the Breast—Consecutive Series 457 Cases 
(1946-1972) 





Total Series 457 Cases 
ý- Patients alive 235 Cases (51.4%) 
i Patients Dead 222 Cases (48.6%) 
Bilateral Involvement 
Total Series 24 Cases (5.2%) 


Bilateral Cases—8 living, 16 dead 


TABLE 2. Cancer of the Breast—Series 457 Cases; Criteria for 
Advanced Lesions 


a.) Primary lesion > 3 cm. b.) Over 4 positive nodes 
c.) Skin Involvement d.) Distant metastasis 
Total Series 457 Cases—129 Advanced (28.2%) 
Patients living 235 Cases— 34 Advanced (14.4%) 
me Patients dead 222 Cases— 95 Advanced (42.7%) 


TABLE 3. Cancer of the Breast—-Age Range— 
Total Series 457 Cases 


Total Series Cases Living Cases Dead 
457 235 222 
Ages 
20-50 131 (28.6%) 80 (33.9%) 51 (22.6%) 
50-70 215 (47.2%) 109 (46.6%) 106 (47.5%) 
70-90 111 (24.2%) 46 (19.4%) 65 (29.5%) 


TABLE 4. Cancer of the Breast—Tumor Size—Sertes 222 





pai Patients Now Dead 
Year Cases 1 1-2 3 4-5 5+ 
Operation Deceased cm. cm. cm. cm. cm. 
1940-50 39 7 8 8 10 6 
1950-60 121 15 37 27 26 16 
1960-70 56 7 18 12 12 7 
1970-72 6 0 1 1 0 4 
13% 28.9% 21.5% 21.5% 14.8% 
N ttt re 4, , pommel 
41.9% 36.3% 


TABLE 5. Cancer of the Breast—Nodal Study—Consecutive 
Series 457 Cases 





K Number of Glands 
Involved 
Patients with rr 
Cases Positive Nodes Positive 0-4 5-30+ 


Total Series 457 233 (50.9%) 53 99 81 
Cases Dead 222 154 (69.3%) 48 40 66 
Cases Living 235 79 (33.6%) 5 59 15 








TABLE 6. Cancer of the Breast—Period of Surviwal— 
222 Patients Now Dead 








Survival Period Cases 

0-2 years 53 (23.4%) 

2-5 years 85 (38.3%) 37.5% lived 5 years 
5-10 years 54 (24.3%) 13.5% lived 10 years 
10-15 years 19 (8.5%) 4.9% lived 15 years 
15 years + 11 (4.9%) 


TABLE 7. Cancer of the Breast—Pertod of Survval— 
222 Patients Now Dead 


Columbia Classification 


Survived—years 


Columbia 
Stage Cases 1-2 3-5 5 10 
A. 67 (30.1%) 15 18 23 (50.7%) 8 (16.4%) 


B. 109 (49.9%) 43 19 30 (43.1%) 9 (15.5%) 
C. 26 (11.7%) 21 5 0 (0%) 
D 20 (9.0%) 17 3 0 (0%) 


TABLE 8. Cancer of the Breast—Cause of Death—Series 
222 Patients Now Dead 


Cases Cause of Death % of Series 
159 Recurrent breast cancer 71.6% 
63 Not recurrent breast cancer 28.3% 


43 of above 63-—-19.3% Died of medical causes 
20 of above 63-—9.0% Died of second new cancer 


TABLE 9. Cancer of the Breast——Sites of Recurrence—159 Patients 


Dying of Recurrent Breast Cancer 


Diffuse 92 
Lungs and Bone 39 
Cerebral 10 
Ribs—Chest wall 10 
Liver 7 
Inflammatory 1 

159 


FABLE 10. Cancer of the Breast—Series 43 Patients in Group 
Dying of Medical Causes 


Heart Disease 28 
Cerebral Accidents 5 
Oid Age 3 
Pneumonia 2 
Miscellaneous 10 

43 


622 








TABLE 11. Cancer of the Breast—Associated 2nd Independent 
Cancer-—Total Series 457 Cases 
222 Patients Dead 
235 Not 
Patients Cancer Cancer 
Living Second Malignancy Cases Death Death 
Ca of Ovary, Corpus & 

Cervix 7 3 4 

4 Ca of Colon 4 4 0 

1 Sarcoma—all types 4 4 0 

3 Ca of Kidneys—Bladder 1 1 0 

1 Ca of Pancreas 1 1 0 

0 Ca of Esophagus 1 i 0 

1 Lymphoma-——M yeloma 2 2 0 

ii 20 16 4 


places that persons expectancy in the group with those 
having all negative lymph nodes. More than four positive 
nodes has, in general, suggested a much more guarded 
prognosis. 

Our overall 5 and 10-year survival for the total series 
of patients was 67.7% and 33.3%. The 5 and 10-year 
figures for the 222 deceased patients (Table 6) are 37.5% 
and 13.5% respectfully. It is noteworthy that 62.1% of 
those who died succumbed within the first 5 years after 
operation and 23.4% lived fewer than 2 years. If these 
222, deceased patients are classified by the Columbia 
system of clinical staging, the results are similarly dem- 
onstrated to be very poor (Table 7). 

A surprising number of persons with mammary cancer 
die from other causes. In this series of 222 deceased 
patients (Table 8), 159 or 71.6% died of recurrent mam- 
mary cancer but 63 or 28.3% died from other causes. A 
further study of the 63 patients not succumbing to recur- 
rent malignancy of the breast shows that 43 patients or 
19.3% of the entire group of deceased patients died from 
medical causes and 20 or 9% from a second, independent 
malignancy. 

The areas of involvement with recurrent malignancy 
of the breast are indicated in Table 9, but it must be 
appreciated that these are all relative categories since 


Discussion 


Dr. Benjam F., Byrp, Jr. (Nashville), oe Paper No. 
15; I think there is really very little that can be added to the fine 
presentation of Dr. McClow and Dr. Williams in its complete 
form, as far as the technical part of the paper is concerned. . 
There are a few points that really deserve to be say eee 
possibly more than time permitted Dr. Williams, and one of 
those is that mammography has very little value in women under 
30 years of age. In fact, it is of limited value in the premeno- 
pausal group, as he will show in his published document-——in those 
women under forty; but, most significant of all, that it has its 
pa value in the woman with the fatty breast, the heavy 


reast, the knotty breast which is extremely difficult to examine 
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the presenting area of major recurrence was used in 
classification. As would be anticipated in this series, 
almost half of whom were over 50 years of age and 
30% over 70 years of age, heart disease and—vascular 
complications (Table 10) were the principal medical 
causes of death. Of spezial interest, is the relatively high 
incidence of a second, independent malignancy (Table 
11) developing in this series of patients. A second malig- 
nancy was noted in 20 instances and 16 of the 20 patients 
died as a result of this malignancy. Lesions of the uterus, 
cervix and ovary were the most common with cancer of 
the colon and sarcomata of various kinds next in fre- 
quency. In the 235 surviving patients in our overall 
series, we have to date, observed 11 who have developed 
a second independent malignancy. 


Conclusions 


Patients who succumb early with cancer of the breast 
show different features from survivors. Age is not par- 
ticularly significant bu: tumor size and the degree of 
nodal involvement are very important. Duration of the 
lesion has been difficult to assess and we have not been 
able to utilize availakle data on this subject. Those 
patients classified as advanced, by our criteria, made up 
42.7% of those now deceased. Using the Columbia criteria 
for clinical staging, 20.7% were Stage C and D with no 
5-year survivors. The 10-year survival for Stage A group 
in these deceased patiants was 16.4% and for Stage B 
patients, 15.5%. Recurrent mammary cancer was respon- 
sible for the deaths of approximately 70% of patients 
with this disease but medical causes and a second inde- 
pendent malignancy were responsible for 28.3% of our 
fatalities. Far too many patients are still seen initially 
with advanced lesions and this continues to markedly 
influence the survival igures in any consecutive series 
of patients. Our experience indicates that fear and re- 
luctance of patients to seek medical advice remain the 
principal causes of late diagnosis and this can only be 
overcome by a better and more effective system of public 
education. 


f 


and to evaluate; and I think that it is in this area that the finest 
use of seme Weed comes about. j 

It is especially interesting that he had a pee of occult cancers 
of 1.1%. This is considerab-y higher than the group which might 
be expected in a regular screening test, and we hope to achieve 
with the Breast Cancer Control Task Force. The very best figures 
that are available to us show that only about 2.7 patients per 
thousand may be expected in an ordinary screening proposition, 


but with his physician refe-ral group he had eleven per thousand, 


which is four times the yield that Dr. Strax had in his group. 

I think that we come back to the fact that mammography will 
probably have its best role, once we have identified high risk 
groups. Dr. Egan has said zhat with a series of some 57 questions 
he can identify 90% of the patients who will develop mammary 
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cancer, I am not sure that the use of this is as yet general. I am 
sure that we do not have available to us a satisfactory identifica- 
tion of high risk groups which will permit us at this time to make 
a financial success out of a D E operation; that it is 
not a diagnostic test; but with the identification of high risk 
groups, I believe we can expect to increase our yield from 
mammography, and also to identify those individuals in whom 
it may best be used. 

Finally, I would like to say that in the occult cancers, which 
constituted 1.1% of the examinations of Dr. McClow, that 63% 
of these people had negative nodes, and 37% had positive nodes 
in cancers which were not identifiable on physical examination. 
This really identifies the tragic mistake of assuming that because 
primary lesions are small, they have not spread. This brings very 
acutely to our minds the urgent necessity for adequate surgical 
treatment as an adjunct to early diagnosis, and that this is really 
not an occasion for the calculated neglect which is today called 
“lumpectomy.” He was largely the one responsible for the Tenth 
International Cancer Congress that was held in Houston not too 


long ago. 


Dr. Mcreay M. Copetanp (Houston), discussing both Papers 
No. 15 and 16: I first wish to congratulate Dr. Williams and Dr. 
McClow on their important contribution as to the place of mam- 
mography in a community medical center, where they are largely 
dealing with symptomatic breasts which come under their pur- 
view. 

As a liaison member to the Committee on Mammography and 
Breast Disease of the American College of Radiology, I heartily 
concur with the authors that mammography is an important ad- 
junct to the diagnosis of early cancer of the breast. The College 
of Radiology, in cooperation with the National Cancer Institute 
and the American Cancer Society, is reevaluating the need for 
reconstitution of training centers in mammography (and there 
is a need). Also, the merit of thermography is being considered 
as an important modality in breast screening surveys for mam- 
mary cancer in females to define women with breast findings 
which require more careful detailed study by mammography. 
Training programs in thermography also need a very high pri- 
ority. 

With reference to the paper of Dr. Mclaughlin and Dr. Coe, 
I have reviewed for the Year Book on Cancer 280 articles, pub- 
lished in 1971-72, with relation to cancer of the breast, in- 
cluding new approaches to early diagnosis; findings of significance 
which reflect trends in survival; and how best to treat the disease. 
One is confounded by the controversy and conflicting opinions, 
each author presenting data to support a given position. 

I am certain, with Dr. McLaughlin and his co-author, that the 
adequacy of the treatment, in addition to the extent of the dis- 
ease, and the biologic characteristics of the tumor, all play major 
roles as to whether the patient survives without disease. This is 
pointed up in a recent paper by Sir Headly Atkins of London who, 
in a clinical trial with 370 patients, compared radical mastectomy 
with wide excision (extended trylectomy) and determined that, 
with clinically involved axillary nodes) there was a significantly 
higher incidence of local recurrence and distant metastases when 
wide excision only was employed. Furthemore, the survival rate 
was significantly lower than that shown with radical mastectomy. 

When there were no clinically involved axillary lymph nodes, 
there was also a significantly high local recurrence following wide 
excision, but there was no increase in distant recurrence, and the 
survival rate was similar to that of patients having radical mastec- 
tomy. The rub still is, gentlemen: how do we determine when 
regional lymph nodes are not involved? 


Dr. Avert W., Hartman (San Antonio), discussing Paper 


“No. 16: I only have one remark to make about Ash’s paper, and 


that is that certainly an earlier diagnosis is the only way to im- 
prove our results. 

A study similar to Dr. McLaughlin's is very important; that 
is, a. study of the deceased patients. Certainly, these patients seem 
to fall into an amazingly frequently seen group, and that is those 
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who have neglected the cancer, have not seen a physician, and 
have not had a mammogram or other studies, so they have come 
in late. 

I do not wish to get into the discussion of whether we should 
do lumpectomies, simple mastectomies or radical mastectomies, 
but I do wish to say that I think we must have an entirely new 
modality of treatment of cancer of the breast before we have 
any great breakthrough. 

There are several very interesting facts in the diagnosis and 
in the high risk group. For instance, in the normal population of 
females in those who have developed a cancer of the breast uncer 
age fifty, 5.2% will develop a cancer in the other breast if they 
live 20 years after their first mastectomy. On the other hand, if 
that woman has a sister, an aunt, or a mother on the female side 
of the family who likewise had a cancer of the breast, the inci- 
dence of recurrent cancer in the other breast jumps up to 15.8%, 
which shows the strong factor of family history. 

Another factor which I feel is very important, and I was very 
pleased in reading Dr. McLaughlin's paper that he seemed to 
feel the same way, is that these patients need such a tremendous 
amount of emotional support, regardless of how good the mam- 
mographer or the internist is. These women want to be followed 
by the surgeon who did the original operation, and I think that 
it is our obligation to follow these patients on through for the 
rest of their lives. You cannot turn them over to a chemotherapist 
who never saw them before. They will not tolerate it, in the 
first place, and in the second place it destroys their faith. After 
all, it is the emotional side of this that seems to have such a great 
effect. 

I personally feel that we have to find a brand new approach 
to the treatment of cancer, or else a brand new approach to the 
very early diagnosis of cancer of the breast before we really ac- 
complish anything. 

Speaking of the emotional side of this, when I reviewed the 
series that we had in our group, I was amazed to find the num- 
ber of patients who had survived over 15 years, who went through 
a very severe emotional crisis (such as a divorce or the death of 
the husband) and suddenly developed recurrent disease and died 
within a year after recurrence. All of this occurred even though 
they were 15 to 20 years postmastectomy. I encountered one recur- 
rence 24 years after radical mastectomy. 

So I feel that we really need to study this from a physiological 
and an emotional standpoint, and search for an entirely new 
technic, both for the treatment and for the diagnosis of cancer 
of the breast. 


Dr. Cuantes Ecxert (Albany), discussing Papers 15 and 16: 
These two excellent papers complement each other very well. On 
the one hand, Dr. McLaughlin has shown us again that the clini- 
cal signs of advanced disease are indicative of a poor prognosis, 
and on the other Dr. Williams’ study of mammography demon- 
strates that it is useful in making an early diagnosis of mammary 
cancer in patients who are at highest risk of its development. 
Although the correlation between the size of the primary tumor 
and the presence of lymph node metastases is imperfect, it is still 
sufficiently good to expect that if a significant decrease in 
the size of mammary cancers presenting for treatment could be 
effected we would also improve our survival data. For example 
Egan’s data show that 90% of patients in whom the diagnosis 
is made by mammography in the absence of a palpable mass do 
not have axillary nodal metastases. Dr. McLaughlin’s series em- 
phasized the importance of axillary nodal metastases in adversely 
influencing prognosis. 

Dr. McLaughlin also has made another important observation 
in his study. This has to do with the significance of second pri- 
mary cancers not only in the opposite breast, but in other sites 
as well, as a further cause of attrition in women with mammary 
cancer. [Slide] Some years ago we were studying the effects 
of postoperative irradiation therapy and this slide was made from 
data from the patients in that study. Although some of the pa- 
tients in this study were followed for only a short period, nearly 
15% of the entire group had either a second cancer in the opposite 
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breast or in different anatomical sites. This figure is undoubtedly 
skewed, but illustrates the magnitude of the problem. Interestingly 
the distribution of sites of second cancers in these patients is 
similar to those in Dr. McLaughlin’s series. 


Dr. AsHER R. McComs (San Antonio), discussing Papers 15 
and 16: I wish to compliment both essayists on their splendid 
articles and to make a few philosophical observations in regard 
to this subject. 

I also wish to pay honor to one of our deceased Texans, Dr. 
Dudley Jackson. He was very interested in mammary cancer, and 
Dudley Jackson’s name was synonymous with breast surgery. He 
did quite a bit of it, and did a lot of things that were very 
commendable, but he was not very verbose in the literature. 

Dr. Jackson was the first to emphasize the importance of self- 
examination of the breast, and made the first film that was used 
by the American Cancer Society. He presented this at the Texas 
Surgical (its premiere), 

I believe we should all take time out to explain to women about 
self-examination of the breast. It is very important but I find that 
many are reluctant to examine their own breasts. Perhaps that 
is due to deflation of the ego or vanity by having to examine them 
themselves. 

Dr. Byrd alluded to the difficulty in diagnosis in large breasts, 
and we have classified breasts and breast lesions in various ways. 
I would like to offer one classification of the physical character- 
istics of breast, into nubbins, hypernubbins, boopers, droopers, 
and superdroopers, The latter class has been difficult, and ie tee 
mammography might help most. | 

In private practice, actually, mammography has not been one 
of my favorite modalities, even though I use it. If there should 
be any suspicion, more than likely, an excisional biopsy should 
be performed. Frequently the clinical diagnosis and mammogra- 
phy agree; sometimes they do not. But excisional biopsy should 
always take priority. 

Mammography is very useful in women who decide on their 
own that they have cancer of the breast. If, after careful and 
diligent examination I cannot find anything, and her expression 
conveys disbelief, she returns in 4 to 6 weeks in her mid-period. 
After re-examination, if 1 still cannot find anything and she is 
still unbelieving, I have mammography done. Remembering what 
Dr. Tinsley Harrison said many years ago, when he spoke about 
the various diagnostic machines: “Unfortunately, people get to 
believing in gadgets. That’s bad, but the most unfortunate 
thing is that many doctors get to believing in gadgets, and that’s 
worse. Just remember, gentlemen, that gadgets don’t think.” 

Mammography is of benefit in these doubting ladies, after the 
two examinations they undergo exploration with mammography. 
If the x-ray is negative, she is then assured that she does not have 
cancer, 


Dr. Duncan SHEPARD (Atlanta), discussing Paper No. 15: I 
have been interested in mammography for some time; only 2 
years ago we acquired a special machine at the hospital that per- 
forms breast radiogrephy exclusively, and to me it is the differ- 
ence between Kodachrome and black and white. It has changed 
the practice of breast surgery in that our radiologists are very 
interested; they are finding lesions smaller than one can feel. They 
are demonstrating the nature of the original lesion and are show- 
ing auxiliary lesions in other parts of the breast, as lobular car- 
cinoma. 

A great deal more benefit will be derived from mammograms 
if one cooperates with the radiologists. For example, they must 
be told exactly in what position the tumor is and what size it is. 
We have found that those shadows which turn out to be malig- 
nant feel larger to the palpating hand than they look on the x-ray, 
and if you tell your radiologist this is 5 cm. in diameter, and 
the lesion he sees that appears to be cancer is 2 cm, in diameter, 
almost universally it will be malignant. 

One other thing that we have had to try, because they find 
such small lesions: In order not to filet the breast looking for this 
small lesion which they think is malignant, we have tried using 
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a small-bore needle under local anesthesia and putting it intc the 
breast as close to the area where we think the tumor is situated 
as we can from the mammogram. We put one drop of radiopaque, 
sterile material through the needle and one drop of dye that will 
not absorb through the same needle at the same time; we take 
another mammogram after the needle is removed, and see whether 
the radiopaque dye is 1 cm. away, 2 cm. away, and in which di- 
rection, 

Then, after biopsy of tae breast, the blue dye will determine 
the location of the lesion. 


Dr. A. HaMsuin Letron (Atlanta), discussing Papers 15 and 
16: I think these are two ve 
points. I suppose that you do know that during the days of the 
Vietnam War we have last almost nine times as many women 
from cancer of the breast as we have lost boys in Vietnam. 

The death rate of cancer of the breast has remained almost 
constant for the last 30 years. However, the incidence of cancer 
of the breast has risen considerably during that period of time, 


so thus we are curing more people, but the increased incidence `. 


is accounting for the lack of decrease in the over-all death rate. 
The only way, apparently, at the present time, unless we find 
some of the things of immunology and virology that can help us 
in new modalities, is for us to better define the high risk groups. 
Dr. Egan is trying, with the computer, to define high risk greups 
by history only. Thus, we hope to be able, through the next few 
years, to come up with a list of questions for women which will 
better define his group. 

The American Cancer Scciety and the National Cancer Institute 
are in a cooperative effort to establish screening centers through- 
out the United States. There will be 20 projects, five in each of 
the quadrants of the United States. These will involve not only 
clinical evaluation, but mammography and thermography, in the 
hope we may be able to find a better screening method and to 
better define the high risk group. 

As Dr. McLaughlin mentioned, we must have a better public 
education program, but I think we must have a better professional 
education program along with this, so that you and I are more 
susceptible to thinking about cancer of the breast in women and 
being a little bit more anxious to suspect cancer of the breast 
earlier. 

Dr. Jones mentioned the psychology of cancer of the breast 

. it is found in St. Matthew: “What doth it profiteth a man 
if he gains the whole world and loses his soul?” And to paraphrase 
that, what doth it profiteth a woman if you take her breast off 
to cure her of cancer and she doesn’t really live a good, full life? 
In this bosom-conscious world . . . these women feel that they 
have been defeminized; they have lost their sex appeal, and it is 
very important that they_have the right psychological training. 
This is the Reach to Recovery Program of the American Cancer 
Society, and I hope that you will avail your patients of the fa- 
cilities of the Reach to Recovery sais dete which teaches these 
women how to dress, how to wear bathing suits, about their 
ee with their husband, and their relationship with their 
family. 


Dr. Marvin V. McCiow [Closing discussion of Paper No. 15]: 


I wish to emphasize several points which impress us regarding 


a breast diagnostic program. First of these is the great amount of 
concern and apprehension shown by patients when they undergo 
mammography. They want us to tell them immediately whether 
they have mammary cancer and whether their physician will 
have to do a biopsy. We tell the patients that mammography is 
a finding procedure and that it is carried out for what it may 
show and not for what it does not show. We further tell. the pa- 
tients that our X-rays will not necessarily tell their doctor whether 
a biopsy will be indicated and that we are merely looking for 
something which we cannot feel. Finally, we tell the patient that 
their doctor must make the decision regarding biopsy on the basis 
of all available evidence including mammographic findings. 

We have given a great deal of thought to the wording of the 
mammography report. Lawsuits have occurred concerning pos- 
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sible delay in diagnosis of cancer of the breast attributed to a 
negative mamrhogram report. In view of this, a report which is 
not unequivocally negative can put a gréat deal of pressure on 
the surgeon to do biopsy. It has taken us many years to organize 
our one regarding the wording of reports which are not 
unequivocally negative for malignancy. In the initial stages of a 
mamimography program, one tends to view calcifications as indi- 
cative of or at any rate highly suspicious of cancer. Not all cal- 
cificdtions mean cancer: We now kiaw that probably only one 
in three or four patients who show even somewhat suspicious 
calcifications and no other suspicious findings will prove to have 
cancer. When we have mammographic findings which are mildly 
suspicious but. which we feel do not justify recommendation of 
biopsy on the basis of mammographic findings alone, we are mak- 
ing a statement to this effect in our report. The surgeon can then 
make up his mind regarding biopsy without placing himself in 
jeopardy because of a suspicious mammogram report. We may 
mention that there are some disturbing findings but that, unless 
the surgeon has corroborative clinical findings, continued sur- 


„< Veillance with repeat mammograms in perhaps 6 months is ad- 
~. visable. 


me 


In. the 6-year period covered by our report there were over 
400 mammary cancers in our hospital. The 191 analyzed were 
those patients who had been subjected to mammography and 
were a to have mammary cancer. All of our patients have 
had physical examinations by the referring physicians and practi- 
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cally all have a physical examination by a radiologist at the time 
of mammography. Our findings indicate that, had either mam- 
mography or physical examination been omitted, a significant 
number of cancers would have been missed and not diagnosed 
until some later date. The two modalities support one another. 
Each misses a certain number of cancers but they are not neces- 
sarily the same cancers. ; 

One other point of interest is that, in our study, one in four 
patients with clinically occult lesions had either a positive family 
history or bilateral disease. We feel that this is because these 
patients were scréened by mammography. The cancer in one breast 
led to the mammogram of the other breast in many instances, or 
the family history influenced a doctor who does not request mam- 
mography on all of his breast patients to screen the certain ones 
in the risk group. 


Dr. Cusartes W. McLaucuuin, Jr. [Closing discussion of Paper 
No. 16]: I should like to thank those who, with a similar interest, 
have discussed this paper, and I am deeply grateful to you for 

our remarks. 

I should like to express to you, Mr. President, and through you 
to this society, once again my great appreciation for being privi- 
leged to be a member of this Association. Coming from an area 
now in the firm grip of winter, the warinth of your friendship 
has made this one of the most satisfying experiences of a busy 
surgical life. 


Significance of Postoperative Estrogen Therapy on the 
Occurrence and Clinical Course of Cancer 


BENJAMIN F. BYRD, JR, M.D., F.A.C.S.,* JOHN C, BURCH, M.D., F.A.C.S.,** > 


ya USE OF ESTROGENS as supportive therapy in women 
who have undergone hysterectomy has become a 
well established modality of treatment. Much less well 
established have been thé side effects of such therapy. 
It has been speculated that this supportive measure may 
greatly increase the incidence of tumors of the breast 
in general and of carcinoma of the breast in particular. 
It has been further conjectured that such cancers when 
they occur progress more rapidly than the usual forms 
of mammary cancer and have-a higher mortality rate. 
Over a period of several years one of us (JCB) has used 
conjugated equine estrogens selectively as estrogen ŝup- 
port for women after hysterectomy. These women can 
be subjected to such therapy without the uterus-related 
complications of estrogen administration and go have 
made possible long-term administration of conjugated 
equine estrogen. | 

This study is an analysis of 713 patients who have 
been maintained on long-term Premarin therapy. Each 
of this group of patiénts has undergone 100% follow-up 
study for 9 or more years, either to death or to the date 
of termination of this study in May 1972. Patients who 
were admitted to this study group had undergone hyster- 
ectomy at some timé after 1947 and subsequently were 
given Premarin and continued on this regimen. No in- 
dividuals were excluded who once started Premarin 
therapy; they continued to take this estregen for as long 
as 3 months. The average daily dose was 1.25 mg. of con- 


jugated equine estrogen. This particular break-off period 
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was chosen bécause it represents the earliest date at 


which cancer developed in an individual in whom Pre- 


marin therapy was initiated. All individuals developing _ 


cancer subsequent to the initiation of this 3-month pe- 
riod are included in the survey. This comprises a total 
of 8627 patient/years and at the cut-off point of the 
study, there was current information available on every 
patient in the series. 

Analysis of the seriés reveals that the 713 women 
underwent operation fer a variety of reasons. For the 
purposes of categorization they were divided into four 
major groups which are shown in. Table 1. The great 
majority underwent operation for neoplasms. Indications 
for operation included leiomyomata, ovarian tumors, and 
endometriosis as well as a variety of other neoplasms. 
Relatively few patients underwent hysterectomy in thé 
other categories but these categories were evaluated 
separately to establish the significance ‘of the indication 
as a factor contributing to the final result found in this 
group of women. 

In every instance, members of the group’ underwent 
hysterectomy. In those instances in which ovarian tissue 
was retained, Premarin therapy was frequently post- 
poned until the patient developed evidence of ovarian 
failure. The patient/years contributed to the study were 
counted from the date of the initiation of Premarin 
therapy and not from the time of original operation. 

Each group was evaluated as to the significance of the 


presence or absence of ovarian tissue which is shown in’ 
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TABLE 1. Indication for Operation 
1. Inflammatory 24 
2. Functional 71 
3. Mechanical 93 
4. Neoplastic 525 

Total 713 





Table 2. With the presence or absence of ovarian tissue 
there is no significant variation in the final result. 

When the presence or absence of ovaries is evaluated 
by age groups against the anticipated instance of mam- 
mary cancer, death, and all cancers, there is no variation 
from the pattern of occurrence nor is there any change 


- -in the age pattern at which the eventuations occur. It is 


-true that in most of those individuals with retained 
ovaries, operation had usually been performed at a 
slightly earlier age. This does not alter the eventual 
result of statistical analysis. 

The figures in Table 3 have been transposed to loga- 
rithmic curves and are shown in Figures 1, 2 and 3. 
These figures show a lowered-incidence of all cancers 
in the group on Premarin therapy.and especially interest- 
ing is the unexpected low mortality which is found in all 
age groups from all causes. We age not able to statisti- 


;, cally evaluate the individual types’ of. cancer, however, 


TABLE 2. 


Alive vs. Dead for Ovaries and No Ovaries 
PA-Ov =96.1"" 
PA-NoOv = 96.5% 


Cancer vs. No Cancer for Ovaries and No Ovaries 
PNoCa-Ov =97.4 
PNoCa-NoOv =:97.5 


No Mammary Cancer (Ovaries and No Ovaries) 
PNo-BCa:Ov = 98.2 
PNo-BCa-NoOv. = 98.6 
P = Per Cent of People in Each Group 





TABLE 3. 
| Mammary Cancer 
No. of 
Age Group Pt./yéars Expected Observed 
25-29 38 .0043 
30-34 229 .0595 
35-39 663 . 3679 
40-44 1309 1.3797 
45—49 1927 2.6593 
50-54 1981 3.239 2 
55-59 1392 2.856 5 
60-64 711 1.536 4 
65-69. 265 . 581 
70-74 87 .188 1 
75-79 24 .082 
80-84 1 .002 
Total 8627 12.954 12 
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Fic. 1. Mammary cancer 
(total group). 







EXPECTED == ~ 
REALIZED m= 


the probability of this pattern occurring is less than 
0.002. The unexpectedly low mortality rate has a prob- 
ability of less than 0.002, and the significance of the data 
is that both of these parameters are materially effected in 
the group of women surveyed. 

The evaluation of individuals who developed mam- 


—_ i ee 
— 


Fic. 2. All cancers (total 
group). 


EXPECTED = -~ 
REALIZED meene 


Analysis of Study 








All Cancer Deaths 
Expected Observed Expected Observed 
.028 .046 
. 384 .366 
1.877 1.525 
5.383 2 4.320 5 
11.244 2 9 442 2 
15.301 2 14.66 9 
14.358 7 15.312 7 
8.526 5 11.163 2 
3.897 7.659 3 
1.419 3 4.054 1 
.528 1.788 
.019 .035 
62.963 21 70.368 30 
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DEATHS 


Fic. 3. Survival (total 


group ). 


EXPECTED —— 
REALIZED ~-— 





25 30 35 40 45 50 55 60 65 70 75 80 
AGE 


mary cancer in this series is interesting in that there 
were only 12 women who developed cancer on Premarin 
therapy. Of these, two died of the tumor. The remaining 
10 are living with no evidence of residual tumor at the 
time of the last questionnaire. Statistical analysis of the 
group indicated that 13 women would have mammary 
cancer. The 12 who did develop such cancer are analyzed 
in some detail in Table 4. Figure 1 shows that the onset 
of mammary cancer has occurred about 5 years after 
the expected incidence. This is the same pattern which 
was demonstrated in an earlier report, and which is con- 
firmed by this larger series with longer follow-up. 
Twelve patients developed mammary cancer while 
on Premarin therapy. All of these patients underwent 
radical mastectomy. Unfortunately in two instances the 
operations were done at hospitals which destroy sections 
after 3 years and the slides were not available for review. 
Dr. William Hartmann has reviewed the 10 protocols 
which are available. As seen in the analysis there are no 
features characteristic of the carcinomas which developed 
in this group of women. There were seven instances of 
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Fic. 4B, Survival (inflam- 
matory), 


Ol 
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Fic. 4C. Survival (me- 
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carcinoma in situ in addition to the infiltrating car- 
cinomas for which mastectomy was done. The metastases 
were not remarkable. There was no evidence of sinus 
histiocytosis and no marked evidence of inflammation 
around the primary tumors. 
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TABLE 4. Analysis of Mammary Carcinoma A random portion of this group which consisted of 

550 women was evaluated (Table 5) for subjective ob- 

servations concerning the general state of health, emo- 


(Specimens from Radical Mastectomy) 
tional stability and interest and sexual response. These 

























y- Type In Situ 
[nfiltrating Duct 7 Lobular Ca 3 figures are shown in the accompanying table. The gen- 
Infiltrating Lobular 1 Ductal Ca Heid systemi to P ve tifyi 
Medullary 1 (In Situ lesions additional to era An SYSCEmIe FOSPOUSE to j remann = very gra fying, 

to Infiltrating types.) especially as related to emotional stability. The sex life 
Mixed (1 & 2) of 116 of the women who were not married was not 
Slight Inflammation 5 No Inflammation 5 evaluated because of the questionable reliability of ma- 
Associated Breast Lesions terial r eported by this group. 
„Cysts l 3 Secretory Change 1 For the purpose of evaluating the major risk areas, 
Fapmomatons : ONY ead 2 anticipated deaths from auto accidents, cerebrovascular 
4 Calcification in: 
Apocrine Ep. _ 1 Benign Lesion 1 
Adenosis J Malignant Les. li 
Periductal Infl. .. 2 Both types 2 10 
. E ee Lymph Node Invasion 
& Positive 6 (3 less than 25% of nodes involved) 
(3 between 25%-50% of nodes involved) 
Negative 4 l 
No sinus histiocytosis cs 
CASES 
Fic. 5C. Mammary can- $ 
cer (mechanical). 
lo 
Pe Ol 
Z 
i ra EXPECTED——— 
? i REALIZED — 
NUMBER / ool 
ne i 25 30 35 4045 50 55 60 65 7075 80 85 
l CASES j AGE 
Fic. 5A. Mammary can- oo 
cer (inflammatory). i 
i 
i i0 
D-r l 
„OOI 
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i OBSERVED i 
000 55 35 35 40 45 B0 B5 60 65 70 7H 80 6S aei 
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Fic. 5B. seers can- 7 
cer (functional). 
E TABLE 5, 
01 Total: 550 Women 
eee Better Same Worse 
REALIZE SSE Health 477 62 11 
00! Nerves 338 171 41 
ST SS eee COTTO eS | Seg 181 192 61 (116 not married) 
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accidents and from heart disease were calculated in this 
series. These rates were then compared with the number 
of deaths which occurred in these risk areas. It was 
found that 1.20 deaths were anticipated from automobile 
accidents. Two deaths from this cause were observed. 

There were 6.17 deaths anticipated from cerebrovas- 
cular accidents and eight deaths were observed. There 
were 15.09 deaths anticipated from heart disease, how- 
ever, only eight deaths were observed as a result of heart 
disease. These figures indicate that mortality reduction 
in the major risk areas for our series was due to a de- 
crease in the incidence of death due to cancer and heart 
disease. The figures used to calculate the expected mor- 
tality were based on data from Tennessee Vital Statistics 
—1960, published by the Department of Public Health 
of the State of Tennessee. 

It seems from this study that the use of Premarin 
benefited the women in this group who have undergone 
hysterectomy. There was no increase in mammary cancer. 
Actually there seems to be a delay of some 5 years in 
onset. There was no increase in death from mammary 
cancer when it did occur, although this series is still too 
small to accurately evaluate this element of the study. 
There can be little doubt that this group of women has 
a markedly lower incidence of all cancers and enjoys a 
much lower mortality rate than one would be led to 
expect from the available population data. This is not 
altered by the indications for which the hysterectomies 
were performed (Figs. 4 and 5). There are many other 
factors which come to mind as an outgrowth of this 


DISCUSSION 


Dr. Georce B. Sanpers (Louisville): I am not quite ready to- 


accept the implied thesis of the paper that estrogen administra- 
tion is harmless to women from the standpoint of the develop- 
ment and future course of mammary cancer. Certainly the picture 
described in this paper is at variance with what we know about 
the clinical occurrence and behavior of mammary cancer in 
women, and especially in the experimental animal, the C3H 
mouse, which has been considered a valid model of the disease 
in humans. 

Several points were not entirely clear to me; and I would like 
to ask the authors the following questions: 

No. 1, were patients examined periodically, or polled by ques- 
tionnaire? 

No. 2, how were the patients with in situ or lobular cancer— 
not invasive cancer—treated, surgically or otherwise? And were 
they followed periodically from the time this diagnosis was made? 

No. 3, did any of these patients with noninvasive mammary 
cancer develop infiltrating cancers later, perhaps after the time 
period of the study? Or did they have mastectomy as a surgical 
treatment of their noninvasive cancer? Were estrogens con- 
tinued—and this, of course, is a shocker—in any patient in whom 
the diagnosis of noninvasive cancer was made, or—and I hesitate 
to ask this—in any patient in whom the diagnosis of invasive 
mammary cancer was made and treated by satisfactory radical 
mastectomy? 
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study. It seems that these women have relatively few 
fractures. If one may accept the figures on forearm frac- 
tures from the United Kingdom, then the incidence of 
fractures is markedly lowered in the series of patients 
studied. The obtaining of accurate data on incidence of 
fractures is very difficult, but is currently being pursued. 

Preliminary laboratory evidence indicates that the ad- 
dition of some estrogens to tissue cultures of cancer cells 
has an inhibiting effect on their growth. This was pointed 
out in a personal communication from Dr. Arthur 
Schwartz but it may possibly explain the figures ob- 
served. We are continuing to study the group of women 
that has been presented in this survey, but for the im- 
mediate future we must accept the fact that these women 
are remaining young both physically and emotionally 
which is reflected in their outlook. 
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My ignorance of biostatistical methods is enormous, but it 
seems to me that it may not be proper to correlate the incider:ce 
of mammary cancer in a closed, controlled, small patient popu- 
lation of 700 women with the observed incidence of mammary 


cancer in the general population at large. It seems to me there~ 


is a different mechanism at work in each group. 

For example—which may be completely wrong and silly—in 
the 35-year group in this study at the end of the study of 10 years 
they are no longer 35 years of age. They are 45, with a different 
expected incidence of mammary cancer. 

I do not believe any of us feel that estrogen causes GAE 
cancer. It is probable that under favorable circumstances, whic 
have been elucidated by Haagensen, occult mammary cancer is 
given the impetus to become clinically active and invasive by 
several factors, one of which is estrogen. Whole organ breast 


studies now being done at autopsy indicate that many women, ` 


dying of other causes, harbor occult mammary cancer whick is 
multicentric and often bilateral, and it implies that women in 
this age group would ordinarily carry such cancers to their grave 
without ever having trouble from them. 

I think it is probably fair to assume that such women might 
develop clinically active and invasive breast carcinoma, were they 
given estrogens. 

Finally, would like to say that in the past 12 months I have 
seen and attempted to treat three women with inflammatory 
mammary cancer, proved by biopsy, demonstrating carcinoma 
cells in the subdernal lymphatics in each. These women were in 


< 
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the 55 to 60 age group. All three were receiving estrogen. In two, 
the onset of the inflammatory mammary cancer, which was abrupt, 
correlated very closely—-within a week or two of the beginning 
administration of estrogens. The third patient had taken estrogens 
for 2-4 years before developing inflammatory mammary cancer. 

The first two women are dead at 6 months. The third woman 
is alive, but with extensive liver metastases, and probably will 
succumb within the next 6 to 8 weeks. 

May I break the rules a moment? I would like to refer to the 
paper on mammography to bring out a point which perhaps you 
have not considered, except that it was referred to obliquely by 
Dr. Shepard, and that is that several centers throughout the coun- 
try are presently being set up for the express detection of pre- 
clinical mammary cancer which is eapabl., This is a triple 
technic employing clinical examination, mammography, and ther- 
mography. 

These mammary cancers, or suspected mammary cancers, when 
found, tax the radiologist to localize them, and probably the 
best he can do is to localize them to one quadrant of the breast, 
or one hemisphere, perhaps. To be sure of getting the suspected 
lesion out, it is going to be necessary for the surgeon to employ 
a different kind of biopsy and excise an entire quadrant, and per- 
haps an entire hemisphere of the breast. 

That is not all. When this specimen is excised, it is going to 
require vastly different handling by the pathologist than that 
which has heretofore been customary. The entire specimen will 
probably have to be subjected to specimen radiography and se- 
lective multiple biopsies, and perhaps we will have to come to 
whole organ type, giant histologic sections in serial fashion through 
the entire specimen, if we are to find these tiny lesions. 


Dr. Laman A. Gray (Louisville): The finding of only 12 cases 
of cancer of the breast in some 800 patients operated on by Dr. 
Burch, and probably 100% follow-up over a 9-year period, seems 
very significant to me; and paiticdhaly the point that they have 
had a statistician study these data and confirm their accuracy. 

Before this Association 3 years ago I presented 21 cases of can- 
cer of the breast in 1200 women who had been receiving estrogen 
for an average period of 8 years. At that time we were very care- 
ful to say that these were raw data, which I repeated over and 
over. You might be interested in the results of a follow-up study. 

Two and one half years ago Dr. Brian MacMahon, the Pro- 
fessor of Epidemiology at Harvard School of Public Health, sent 
his department into my private office. They have spent multiple 
days there on multiple times with Dr. Robert Hoover, the Associ- 
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ate of Dr. MacMahon, and two secretaries. They have brought 
in patients repeatedly for me to reexamine, and now the number 
has reached 2040, and they tell me that in 3 months they will 
punch the button and tell me whether this is accurate statistically 
or not. 


Dr. Joun C. Burcu (Closing): Dr. Sanders’ discussion raises 
numerous questions, and I can assure you and Dr. Sanders that 
all the questions that have been raised in his discussion have 
been considered many times over by Dr. Byrd and myself. 

This study came about quite casually in the scrub room one 
morning. We were discussing the effect of Premarin on cancer. 
It so happened that Dr. Byrd had a patient with mammary cancer 
in one room and J had one in another, and he asked the question: 
Did I think Premarin had anything to do with it? I said: I don’t 
believe so. 

He said: Well, now, what do you do to back your belief up? I 
said: I think I’ve got the cases to give the answer. 

That was how this study started. We were interested primarily 
in this point of whether estrogen promoted mammary cancer. 

When we got the figures back, the decrease in mortality and 
the low incidence of all cancer were absolutely shocking to us, 
but continued study and continued evaluation of the data leads 
me to believe that estrogen does have an effect on the organism 
as a whole, and continued observation. of these women on estrogen 
indicates that they are younger and perhaps more attractive than 
the women who are not on estrogen at the same age group. 

There is one point that may be confusing. The only mention of 
in situ carcinoma in this paper was in addition to and in the 
same breast as the infiltrative cancer. So in the ten cases that 
were surveyed by Dr. Hartman, the diagnosis of infiltrative can- 
cer was confirmed, but he added to these ten patients, seven un- 
reported in situ cancers which he had found in addition. 

Then, the other questions came up. What do you do about the 
estrogen? Well, in the earlier cases of mammary cancer we cut 
it off. Since we have been studying this thing a little bit more, 
I have been continuing it. Perhaps, I have reduced the dose, and 
perhaps in many instances have added an androgen, usually, in 
the form of fluoxymesterone, which I think is safe. 

On the basis of the data, we do not know what to do. We are 
confused, as you all are, but that is what the figures indicate, 
and we were faced, therefore, with the choice of suppressing the 
figures or letting the figures talk for themselves, and that is what 
we have chosen to do. 


Poorly Differentiated Neoplasms of the Thyroid Gland 
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ANCER OF THE THYROID is an uncommon disease with 
an incidence of approximately 25 in 1,000,000 peo- 
ple causing about 1100 deaths yearly. It is a multi-variate 
lesion in which the prognosis is determined by the 
morphologic features of the tumor,. age and sex of the 
patient, and stage of the disease. Of these factors, by far 
the most important is morphology. The early mortality of 
thyroid cancer is due principally to the poorly differen- 
tiated neoplasms which comprise from 15-20% of all 
malignant thyroid neoplasms. Well-differentiated can- 
cers, five times as common as poorly differentiated le- 
sions, have a much better prognosis (Fig. 1). The grim 
prognosis of poorly differentiated thyroid neoplasms is 
well illustrated by a recent report from the Mayo Clinic 
based on an experience with 160 patients.? The average 
duration of life of these patients was approximately 6 
months. There was one long-term survival of a patient 
who had small cell carcinoma, 22 years after thyroidec- 
tomy and irradiaticn. A slightly better prognosis has been 
cited by Staunton and Martin with a 15% 5-year survival 
for anaplastic cancer.” 

Poorly differentiated neoplasms of the thyroid include 
those which have a predominantly small, giant, spindle 
cell or anaplastic histopathologic pattern. Despite the 
overall poor prognosis of poorly differentiated thyroid 
neoplasms, careful examination of the clinical course of 
these patients indicates that there are important differ- 
ences in the origin, biologic characteristics and natural 
history of these neoplasms which affect survival and 
should influence therapy. This report reviews the ex- 
perience of the University of Iowa and the North Caro- 


Presented at the Meeting of the Southern Surgical Association, 
Boca Raton, Florida, December 4-6, 1972. 

This investigation was supported by the United States Public 
Health Service Grant CA 01905-19 from the National Cancer 
Institute. 

Address reprint requests to Colin G. Thomas, fr., M.D. Depart- 
ment of Surgery, University of North Carolina, School of Medi- 
cine, Chapel Hill, North Carolina 27514. 


From the Departments of Surgery, University of North 
Carolina and University of lowa Schools of Medicine, 
Chapel Hill, North Carolina and lowa City, lowa 


lina Memorial Hospitals with poorly differentiated thy- 
roid neoplasms in order to identify such differences and 
thereby increase the effectiveness of treatment. 


Materials and Methods 


One hundred and seven patients with poorly differen- 
tiated thyroid neoplasms seen at the University of Iowa 
and North Carolina Memorial Hospitals, 1930-1972, pro- 
vide the clinical material for this investigation. During 
this interval, 410 patients with well-differentiated and 
nine with medullary carcinoma were seen. 

The neoplasms are classified on the basis of the pre- 
dominant histopathologic pattern. In a previous com- 
munication evidence was presented which indicated a 
similar survival of patients with follicular and papillary 
carcinomas.’ These lesions are therefore considered as 
one group and referred to as well-differentiated thyroid 
carcinomas. The striking statistically significant difference 
in the survival rate of patients with well-differentiated 
carcinomas from those with medullary and the other | 
thyroid malignancies, the 107 poorly differentiated neo- 
plasms which provide the clinical material for this in- 
vestigation, are shown in Figure 1. The apparent “good” 
survival of patients with medullary carcinoma is so 
classified because only nine had this lesion, one of whom - 
survives 19 years after diagnosis. Medullary carcinoma 
is accompanied by a poorer prognosis than well-differen- 
tiated neoplasms but better than poorly differentiated 
carcinomas.? Eighty-seven of the patients were seen 
at the University of Iowa and 20 at North Carolina 
Memorial Hospitals. Fifty-nine patients included in this 
investigation, seen at the University of Iowa Hospitals, 
provided the basis for a previous study of poorly differ- 
entiated thyroid neoplasms. The diagnosis was his- 
tologically confirmed in all patients included in the 
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study. If the biopsy or surgical treatment was performed 
prior to the patient’s admission to the University of Iowa 
or North Carolina Memorial Hospitals, sections of the 


` tissues excised were reviewed by one of the authors 


or pathologists at either hospital. 

There is a thyroid cancer registry functioning in both 
hospitals. The methods for collecting, processing, and 
analyzing the data are described in a previous publica- 
tion.? Historical information, physical, laboratory, and 
X-ray findings, methods of treatment, operative and 
pathologic findings and follow-up information is col- 
lected and coded by secretaries responsible for the two 
thyroid cancer registries. The data are transferred from 
the study protocol to punch cards. This procedure and 
the additional processing and analysis of the data are 
done at the North Carolina Memorial Hospital. Follow-up 
information is obtained during return visits to the hos- 
pitals, by correspondence with the patients and/or their 
physicians and from death certificates. Follow-up infor- 
mation is obtained at least once a year. These data, 
collected and coded by two secretaries is used to update 
the punch cards on which the data are stored. The com- 
puter program developed for analyzing the data makes 
it possible to correlate all findings and to examine their 
effect on survivorship. 

Survival rates are computed by modification of the 
method described by Berkson and Gage,® which com- 
putes survival by use of the end-results group of the 
National Cancer Institute.' An example of the applica- 
tion of this method is given in a previous communica- 
tion.’ Survival is computed on a basis of the number of 
patients subjected to the risk of dying for the time in- 
terval of examination, who; (a) survive, (b) are dead, 
(c) are lost to follow-up. The results are reported in the 
form of survival graphs. Percentage survival is indicated 
on the vertical and duration of survival on the horizontal 
axes of the graphs. The number at the end of each 
survival curve indicates the number of patients in the 
group; those in parentheses indicate the number of pa- 
tients surviving at the end of the indicated survival 
interval. Differences in survival are examined for sta- 
tistical significance using the method described by Koch, 
Johnson, and Tolley'® which is similar to that of Cutler 
and Ederer.® 

Definitive surgical treatment is considered to be par- 
tial thyroidectomy, lobectomy, and near-total thyroidec- 
tomy. Included in the partial-thyroidectomy group of 
patients are those treated by unilateral partial thyroidec- 
tomy and others treated by bilateral partial thy- 
roidectomy. The lobectomy group includes those with 
a unilateral lobectomy with or without resection of the 





* The survivorship curve for medullary carcinoma differs from 
that of an earlier article (Fig. 2, Ref. #7). This is due to a 
computing error in the referenced article. 
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Fic. 1. Survival curves of patients with well differentiated, medul- 
lary and poorly differentiated thyroid neoplasms.* 


isthmus and those with partial resection of the contra- 
lateral lobe. Near-total thyroidectomy involves lobectomy 
on the side of the lesion or the side of the larger lesion 
in patients with both lobes involved. A subtotal intra- 
capsular lobectomy, leaving 1-2 grams of thyroid tissue 
posteriorly near the inferior cornu of the thyroid car- 
tilage, is done on the contralateral side. The branches of 
inferior thyroid artery on that side are ligated intra- 
capsularly as they enter the thyroid rather than ligating 
the trunk of the vessel extracapsularly. Preservation of 
functioning parathyroid tissue is the objective of these 
two technical maneuvers. Radical neck dissection in- 
volves incontinuity resection of the regional lymph nodes, 
the jugular vein, the contents of the anterior and pos- 
terior cervical triangles and the sternocleidomastoid 
muscle. A second group of patients have had partial 
neck dissections, with excision of nodes along the jugular 
vein and/or of the anterior cervical triangle. In some 
patients, not curable by surgical excision because of ex- 
tensive spread of neoplasm into extra nodal soft tissues 
of the neck, gross tumor is removed to facilitate post- 
operative irradiation. These patients are considered to 
have had partial neck dissection. Because of the ad- 
vanced stage of the neoplasm, more than one third of 
the patients were unsuitable for a definitive surgical 
procedure. A biopsy was performed on all patients. Since 
irradiation therapy was used after biopsy in most pa- 
tients, a tracheostomy was often done to assure an ade- 
quate airway. 

Most of the operative procedures were performed by 
the attending and resident staff of the University of 
Iowa and North Carolina Memorial Hospitals. In pa- 
tients initially treated elsewhere, detailed information 
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was obtained concerning the operative procedure, opera- 
tive and pathologic findings by personal contact, tele- 
phone and correspondence. - 


Results and Discussion 


On the basis of the histopathology, the 107 poorly 
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Fic. 2. “Giant cell” variant of ana- 
plastic thyroid carcinoma, (340x ). 


differentiated lesions were classified as either anaplastic 
or small cell neoplasms. Included in the anaplastic group 
were those which are sometimes referred to as giant, 
Hiirthle, or spindle cell, and undifferentiated neoplasms 
(Figs. 2, 3, and 4). The distinction between small cell 
carcinomms and lymphomas primary occurring in the 


Fic. 3. “Spindle cell” variant of ana- 
plastic thyroid carcinoma. (340 x ). 
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Fıc. 4. Undifferentiated or anaplastic 
thyroid carcinoma. (340x ). 





thyroid gland, is a difficult one to make (Fig. 5). The occurring in the thyroid gland. Therefore, the number 
absence of follicular or acinic formation by the neoplas- of small cell lesions of the thyroid gland which are 
tic cells is the criterion most often used as the basis classified as lymphomas is in large measure a function 
for establishing the diagnosis of a lymphoma primary of, (a) the number of sections of neoplasm which are 


Fic. 5. Small cell carcinoma of the 
thyroid gland. Note “follicle” indi- 
cated by arrow. (340x ). 
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Fic. 6. Survival curves of patients with anaplastic carcinomas and 
small cell neoplasms of the thyroid gland. 


examined and (b) the criteria accepted as evidence of 
follicular formation. Electron miscoscopy, not used in 
this study, may possibly be helpful in differentiating 
between small cell carcinomas and lymphomas of the 
thyroid. The results of this investigation suggest that the 
differentiation of small cell carcinoma from lymphoma 
primary in the thyroid gland, may not be of clinical 
significance. Such differentiation might assume signifi- 
cance if the diagnosis of lymphoma were to be followed 
by staging as in lymphomas occurring elsewhere. Lym- 
phoma and small cell carcinoma of the thyroid gland 
appear to have a similar biologic behavior and response 
to treatment. In this report the two patients who are 
considered to have lymphomas are included with the 21 
regarded as having small cell carcinomas. The survival 
curves shown in Figure 6 indicate statistically significant 
differences (p < 0.05) between the survival of the 84 
patients with anaplastic lesions and 23 patients with 
small cell neoplasms. 

In Figure 7 is indicated the extent of disease in pa- 
tients with anaplastic and small cell neoplasms based 
on clinical, operative, and pathologic findings at the 
time of diagnosis: Stage I, disease limited to the thyroid 
gland; Stage II, extension of the neoplasm to regional 
lymph nodes; Stage III, extension of the neoplasm be- 
yond regional lymph nodes. As shown in Figure 8, pa- 
tients with anaplastic lesions with Stage I and II disease 
have similar survival which is better than that of pa- 
tients with Stage III disease. The differences between 
the survival curves are not statistically significant. Be- 
cause of the small number of patients available for study, 


THOMAS AND BUCKWALTER 


Ann, Surg. * May 1973 


comparison of the survival curves of patients with 
small cell lesions with Stage I, II, and III disease is 
meaningless, 

The average age at the time of diagnosis of the 84 
patients with anaplastic lesions was 60.5 years, 53.9 
years for those 23 with small cell lesions, compared with 
44.3 years for the 410 patients with well differentiated 
carcinomas, Of 65.6% patients with anaplastic lesions, 
60.8% of those with small cell carcinomas were women 
compared with 70.0% of patients with well differentiated 
carcinomas, In contrast to well differentiated carcinoma, 
neither age or sex was found to influence survivorship 
in patients with either type of poorly differentiated neo- 
plasms. 

Sixty-five (77.3%) patients with anaplastic lesions and 
all 23 with small cell lesions had histories of goiter. In 
28 (33.3%) of the patients with anaplastic lesions and in 
six (26.1%) of those with small cell lesions, the goiter 
had been present for more than 1 year at the time of 
diagnosis. Recent growth of the goiter was reported by 
all 65 of the patients with anaplastic lesions and in 19 
of those with small cell neoplasms. The history of recent 
growth of the goiter is more often associated with poorly 
differentiated than with well differentiated neoplasms.® 

One patient with a small cell neoplasm and none with 
anaplastic lesions, had undergone irradiation of the head 
or neck during infancy or adolescence. 

The more common symptoms occurring in the 107 


70 Anaplastic (84 patients) 





223 Small Cell (23 patients) 


60 


50 


40 


Percent 


30 


20 


10 





Fic. 7. Extent of disease in patients with poorly differentiated 
thyroid neoplasms. 
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Fic. 8. Survival curves of patients with anaplastic thyroid carci- 
nomas with Stage I, II and III disease. 


patients with poorly differentiated neoplasms are indi- 
cated in Figure 9. Note that hoarseness, dyspnea, and 
dysphagia occurred in about one third of the patients 
with both anaplastic and small cell neoplasms. This is 
in striking contrast to patients with well differentiated 
lesions in whom these symptoms rarely occur. These 
manifestations are related to the biologic behavior of 
poorly differentiated lesions characterized by early local 
extension in the neck. These neoplasms invade through 
the thyroid capsule, rapidly spread beyond the regional 
lymph nodes to involve the muscles and other soft 
tissues. 

In Table 1 are listed the more common physical and 
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Fic. 9. Symptoms experienced by patients with poorly differen- 
tiated thyroid neoplasms. 
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TABLE 1. Clinical Findings in Patients with Poorly Differentiated 
Thyroid Neoplasms 

Anaplastic Small Cell 

84 Patients 23 Patients 

Single nodule 17.1% (16) 21.7% (5) 
One lobe enlarged 25.39% (23) 21.7% (5) 
Both lobes enlarged 26.7% (24) 26.0% (6) 
Isthmus enlarged 4.5% ( 4) —_-_ — 
Normal thyroid 3.6% ( 3) 4.3% (1) 
Tender thyroid 9.5% ( 8) — á — 
Soft tissue extension 4.5% ( 4) — — 
Pulmonary metastases 19.0% (16) 8.7% (2) 
Unilateral neck nodes 13.0% (11) 34.8% (8) 
Bilateral neck nodes 13.0% (11) 8.7% (2) 
Vocal cord paralysis 17.1% (16) 13.0% (3) 
Other soft tissue metastases 719% (6) 8.7% (2) 


| 


7.1% ( 6) 


Bone metastases 


radiologic findings. Nodal involvement was suspected 
on physical examination in patients with small cell le- 
sions almost twice as frequently as in patients with 
anaplastic lesions. 

Ten 1%] scans were done in patients with anaplastic 
lesions and three in those with small cell neoplasms. 
Three 7°Selenomethionine scans were done in patients 
with anaplastic lesions and two in patients with small 
cell lesions. In the five patients who had both scans, 
there was a decreased uptake of 1I and increased up- 
take of ™Selenomethionine in the area of the neoplasm. 
In the additional seven patients with anaplastic lesions 
who had only a ™I scan, there was reduced uptake 
consistent with the diagnosis. This good correlation be- 
tween both scans and the pathologic findings is more 
characteristic of poorly than well differentiated thyroid 
carcinoma.?# 

The diagnoses which were based on the clinical find- 
ings prior to definitive surgery, biopsy or post-morterm 
examination are shown in Figure 10. The diagnosis was 
established at the time of post-mortem examination in 
four patients with anaplastic lesions, who clinically were 
not suspected of having a poorly differentiated thyroid 
carcinoma. In three of these patients with metastatic 
spread beyond the neck, the anaplastic thyroid car- 
cinoma was the principle cause of death. The clinical 
findings more frequently suggest the correct diagnosis 
in patients with small cell than anaplastic carcinomas. 

In Figure 11 are indicated the definitive operations 
which have been used. An operation to excise all gross 
neoplasm, was performed in 58.1% of patients with ana- 
plastic lesions and 78.2% of patients with small cell neo- 
plasms. This did not include all the patients with Stage 
I or II disease who theoretically could have had all 
gross neoplasm excised. The poor condition of the pa- 
tient or the extent of local disease in the thyroid gland 
or lymph nodes, precluded definitive operation in 10.9% 
of patients with anaplastic lesions and 8.7% of patients 
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Fic. 10. Preoperative diagnoses in patients with poorly differen- 
tiated thyroid neoplasms. 


with small cell neoplasm with Stage I and II disease. 
In Figure 12 are indicated the palliative methods of 
treatment which were used. 

Comparison of survival curves for anaplastic and small 
cell lesions indicates no significant differences related to 
the type of definitive operation which was performed. 
The better survival of patients after definitive or curative 
operations, probably reflects less extensive disease rather 
than more effective treatment. Based upon the course of 
individual patients after operation, it is our opinion that 
the procedures should be tailored to the findings. Lobec- 
tomy is indicated in the unusual patient in whom an 
early small lesion is limited to one lobe. Near- total thy- 
roidectomy is more often indicated in poorly differen- 
tiated carcinomas; partial resection of one lobe would 
be unjustified. Because poorly differentiated thyroid car- 
cinomas tend to invade adjacent soft tissues, the strap 
muscles overlying the lesions should be excised incon- 
tinuity with the thyroid tissue. Radical neck dissection 
should be done when the findings indicate that all gross 
neoplasm can be excised. Commonly there is spread be- 
yond the thyroid and/or lymph nodes into the muscles 
or other soft tissues of the neck. In these circumstances 
all gross neoplasm should be removed with preservation 
of the parathyroid glands and recurrent laryngeal nerve 
on one side. In this instance, the operation is palliative 
and should serve only to facilitate the use of postopera- 
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tive irradiation therapy. The degree to which this latter 
objective is achieved depends upon the completeness of 
excision and the radiosensitivity of the lesion. 

The best survivorship is experienced by patients who 
undergo operation without irradiation. Patients who 
undergo operation and postoperative irradiation respond 
better than those who are treated with irradiation alone. 
Supervoltage has been used during the last 10 years. 
Survivorship was compared in patients with anaplastic 
carcinoma with Stage I and II disease who underwent 
operation and irradiation, Again, the patients who under- 
went operation alone responded the best. These findings 
do not signify that irradiation results in poorer survival, 
but with case selection patients with more advanced 
disease receive irradiation therapy. Regression or arrest 
of neoplasms which occurs occasionally in advanced 
anaplastic lesions, indicates use of high voltage irradia- 
tion therapy to maximum dosage. In some patients the 
quality of survival as well as its duration is improved as 
a result of irradiation therapy. 

The numbers of patients with small cell lesions are too 
few to meaningfully compare survival rates of those 
treated with and without surgical treatment and irra- 
diation. However, observation of patients with small 
cell carcinoma indicates that these lesions are in gen- 
eral more radiosensitive than the anaplastic lesions. 
Very striking regression has been observed in some 
patients, some of whom remain free of disease 5 or more 
years after therapy. Because the lesion may be radio- 
sensitive, all patients with small cell neoplasms in whom 
residual neoplasm is suspected after surgical excision, 
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Fic. 11. Definitive operations in patients with poorly differentiated 
thyroid neoplasms. 
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should receive postoperative irradiation. In practice this 
means those patients who have direct or lymphatic ex- 
tension of the neoplasm beyond the thyroid gland. 

Intravenous nitrogen mustard, adrenal cortical steroids 
and '*'I have been used without any indication of favor- 
able effect in patients with advanced anaplastic and small 
cell neoplasms. Most patients with both types of neo- 
plasms have received suppressive thyroid hormone ther- 
apy. There is no evidence that this therapy has controlled 
the neoplasm. 

The natural history of poorly differentiated thyroid 
neoplasms involves widespread distant metastases which 
is well demonstrated by the post-mortem findings in our 
patients. In Table 2 are indicated the tissues or organs 
found to be involved by metastatic neoplasm at the 
time of post-mortem examination. In this small number 
of patients there is no apparent difference in the pattern 
of metastases occurring with anaplastic and small cell 
neoplasms. Differences between the biologic behavior 
of poorly differentiated and well differentiated neo- 
plasms, is reflected by the finding that the former much 
more frequently produce metastatic disease involving 
multiple systems. In contrast, well differentiated lesions 
have a long course characterized by spread to regional 
lymph nodes and late distant extension to bone and/or 
lungs. 

In 67 of 75 (89.3%) of patients dying with ana- 
plastic carcinoma the neoplasm was the cause of death. 
In 12 of the 15 (80.0%) of patients dying with small 
cell lesions, the neoplasm was the cause of death. In 
contrast, death was caused by the neoplasm in 67 (41.0%) 
of 139 patients dying with well differentiated thyroid 
carcinoma. 

Small cell neoplasms of the thyroid are lesions that on 
the basis of their biologic behavior, clinical course and 
response to treatment can and should be clearly dis- 
tinguished from anaplastic thyroid carcinomas. The diag- 
nosis in patients with small cell neoplasms is made about 
a decade earlier than with anaplastic carcinoma and 
about a decade later than with well differentiated car- 
cinomas. The predeliction for the female in small cell 
lesions is less striking than with well differentiated and 
anaplastic carcinomas. 

The morphologic differences have already been de- 
scribed. The genesis of these neoplasms also appear to 
differ. In contrast to anaplastic carcinomas, an admixture 
of well differentiated and small cell neoplasms is essen- 
tially unknown. In a collected series of 40 patients, 1920.25 
no patient was reported to have both lesions. We have 
seen one such case (Fig. 13). Well differentiated car- 
cinoma, on the other hand, has been reported to co-exist 
in 5 to 10% of patients with anaplastic carcinoma.®.16.23 
In a carefully studied group of patients at M. D. Ander- 
son Hospital the majority with anaplastic carcinomas 
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Fic. 12. Palliative treatment in patients with poorly differentiated 
thyroid neoplasms. 


had co-existent well differentiated carcinomas.'!! This 
finding is relevant to the pathogenesis of anaplastic car- 
cinomas. The coincidental finding of well differentiated 
and anaplastic thyroid cancer does not necessarily estab- 
lish an etiologic relationship between these two lesions. 
However, it suggests the possibility that well differen- 
tiated carcinoma may be transformed into anaplastic 
carcinoma. This concept is supported by experimental 
and clinical evidence that the genesis of well differen- 
tiated carcinoma may be a two-phase phenomenon in- 
volving initiating and promoting factors. For instance, 
irradiation of the thyroid during infancy or childhood 
may alter the genetic composition of a cell with con- 
comitant alteration in morphology and biologic potential. 
Subsequent stimuli which increase cell division or func- 
tion—promoting factor—may enhance the development 
of cancer in a cell with this genetic change.t TSH (thy- 
roid stimulating hormone) may effect such a promoting 
action on the thyroid gland. Furthermore, the biologic 
characteristics of a tumor may not necessarily be per- 
manent, but may be altered by processes of mutation 
and selective survival. Progression to a more undifferen- 
tiated neoplasm might be anticipated to follow con- 
tinual growth stimulus by TSH as would occur with 
concomitant hypothyroidism. Although the incidence of 
well differentiated thyroid carcinoma progressing to ana- 
plastic carcinoma is low, it apparently may be increased 
by the use of irradiation, external or radioiodide, with 
or without stimulation by way of hypothyroidism.®:”8 
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Pertinent to these concepts are recent in vitro studies 
of well differentiated carcinoma utilizing the levels of 
adenylcyclase and cyclic AMP as a measure of cellular 
responsiveness to trophic stimuli.’ Well differentiated 
thyroid carcinomas are responsive to TSH which is in 
keeping with the clinical observation of the hormonal 
dependency of some well differentiated tumors. In addi- 
tion, however, responsiveness to LH (leuteinizing hor- 
mone) and epinephrine has also been observed. The 
clinical implications of these observations may be re- 
lated to the elevated levels of LH known to occur after 
menopause. Such hormones may serve as continual 
trophic stimuli accounting in part for the development 
of anaplastic carcinomas later in life. Such a concept 
might also explain the more aggressive behavior of well 
differentiated carcinomas occurring after menopause. 
Unfortunately, since there have been no studies on the 
responsiveness of anaplastic or small cell neoplasms to 
TSH or other trophic stimuli, this can only be suggested 
as a hypothesis, Anaplastic carcinomas of the thyroid 
have not been demonstrated to selectively concentrate 
iodide; there are no clinical observations to suggest de- 
pendence upon TSH. Consequently, there would seem 
to be little role for therapy with either of these methods 
in the management of anaplastic thyroid carcinoma. 

The cell of origin of small cell neoplasms has not been 
established. There are no similar neoplasms in animals. 
It is possible that most or all of these lesions are variants 





THOMAS AND BUCKWALTER 


Ann. Surg. * May 1973 


TABLE 2. Tissues Found Involved by Metastatic Neoplasm at Post 


mortem Examination 








Anaplastic Small Cell 

Involved Tissues 15 Patients 4 Patients 
Thyroid 46.6% ( 7) 100% (4) 
Trachea 26.6% ( 4) 75% (3) 
Neck nodes 80.0% (12) 100% (4) 
Neck other 60.0% ( 9) 100% (4) 
Gastrointestinal tract 0% ( 0) 100% (4) 
Pulmonary 100.0% (15) 75% (3) 
Bone 80.0% (12) 25% (1) 
Other soft tissue 53.3% ( 8) 50% (2) 





of lymphomas. This view is also shared by others.’ Their 
radio responsiveness is consistent with such a thesis. Due 
to the absence of distinguishing, consistent morphologic 
characteristics which separate small cell carcinomas 
from lymphomas of the thyroid, the clinical course of 
patients is the only method available to differentiate be- 
tween the two types of neoplasms. Walt? indicated that 
the prognosis of lymphoma, particularly if well localized, 
is more favorable than that of small cell carcinoma. Our 
findings suggest that differentiation of small cell carcinoma 
from lymphoma of the thyroid, is of more academic than 
practical interest. Currently, the management of these 
lesions is similar. 

The limited experience in the management of thyroid 
carcinomas with chemotherapy is documented by a few 
case reports and the observations of Silverberg et al.” 


Fic. 13. Follicular carcinoma occur- 
ring with small cell carcinoma shown 
in Fig. 5. (340X Ji 
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and Gottlieb et al.1? Well differentiated thyroid cancers 
which generally grow slowly, have a metabolism similar 
to the normal thyroid and are not particularly sensitive 
to available carcinolytic drugs. Treatment of the more 
aggressive poorly differentiated cancers is in keeping 
with cancer chemotherapy in general, Patients with gen- 
eralized disease or distant metastases or radio resistant 
tumors may be candidates for chemotherapy. Nitrogen 
mustard, 5 fluorouracil, cyclosphosphamide, hydroxyurea, 
adriamycin, and bleomycin have all been utilized!112.21 
but their usefulness has not been established. An encour- 
aging report cites the benefits of combination chemo- 
therapy of cyclosphosphamide, 5 fluorouracil, methotrex- 
ate, vinblastine and rufocromomycin in one patient." 

The most extensive experience is that from the M. D. 
Anderson Hospital.1? In 37 patients with both well 
differentiated and anaplastic carcinomas treated with a 
wide variety of drugs, there were five who had partial 
remission of the disease. One patient with a giant and 
spindle cell carcinoma responded to methotrexate, one 
with medullary carcinoma to phenylalanine mustard, and 
one each of medullary, Hürthle, and papillary-follicular 
carcinoma to adriamycin. Based upon this experience, a 
number of patients were treated with adriamycin.!! Adria- 
mycin is a fermentation product of the mold streptomyces 
peucetius var caesius and although the exact mechanism 
of action is unclear, it appears to bind nucleic acids, 
thereby inhibiting replication. In 17 patients treated 
over an l8-month period, improvement was observed 
in seven with either well differentiated or anaplastic 
neoplasms. One of four patients with a giant-spindle 
cell carcinoma had a response longer than 12 months. 
At the present adriamycin is the most promising of the 
chemotherapeutic agents against thyroid cancer. Because 
of the limited number of observations, however, its use 
must be regarded as investigational. 


Summary and Conclusions 


The experience with 107 patients with poorly differen- 
tiated neoplasms of the thyroid gland seen at the Uni- 
versity of Iowa and North Carolina Memoria] Hospitals 
during the past 42 years has been reviewed. The follow- 
ing conclusions emerge from the findings of this in- 
vestigation: 

(1) The clinical course of the patients indicate that 
important differences exist between the biologic be- 
havior of lesions with anaplastic and those with small 
cell histopathologic characteristics. The latter are more 
responsive to surgical and irradiation therapy and have 
a better prognosis. 

(2) Small cell neoplasms include carcinomas and 
lymphomas which cannot be differentiated on the basis 
of morphology. The findings suggest that both types of 


lesions have a similar response to therapy and survival. 
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More sophisticated technics and study of larger numbers 
of cases may take it possible to differentiate these le- 
sions; our experience indicates this is of academic rather 
than practical importance, 

(3) Complete excision of the gross neoplasm, feasible 
in about one third of the cases, is the treatment of choice. 
The operative procedure should be tailored to the gross 
and microscopic findings, 

(4) When complete excision of neoplasm is not possi- 
ble, as much gross neoplasm should be removed as con- 
sistent with preservation of parathyroid, recurrent nerve 
and other vital functions. Residual neoplasm should be 
treated with high voltage irradiation, This therapeutic 
approach will result in significant palliation in some 
patients with advanced anaplastic carcinomas, and in 
most patients with small cell lesions. 
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DIsCUSSION 


Dr. W. Couprery SHANps (Jackson): I enjoyed Dr. Thomas’ and 
Dr. Buckwalter’s paper very much. I thought it was a splendid 
paper, with a 40-year follow-up. 

Three years ago, before this Association, we presented a small 
series of 107 thyroid carcinomas followed for 15 years in three 
Jackson hospitals, and in this group there were 17 cases of ana- 
plastic carcinomas. As Dr. Thomas pointed out, it seems well 
established that well-differentiated thyroid carcinomas may be- 
come transformed into the anaplastic group, particularly giant 
and spindle cell carcinomas. 

In our group of 17, Dr. Gatlin, the co-author, a pathologist, 
was able to identify this change histologically, in that papillary 
elements were present with either the spindle or the giant cell 
in three cases. Clinically, it is impossible to separate this group, 
because all of these patients have had long-standing goiters and 
have recent growth; but, of course, the outlook in this group is 
dismal, as pointed out by Dr. Thomas. 

As far as the small cell lymphoma controversy, this sometimes 
will pose a problem at the operating table on frozen section, be- 
cause even an experienced pathologist may be unable to dif- 
ferentiate between the diagnosis of reticulum cell lymphoma ver- 
sus small cell carcinoma. In fact, we have deferred to Dr. Hazard’s 
opinion on this on two occasions. 

The only point of practical importance is that, or course, if the 
lymphoma is confined to the thyroid, as pointed out by Woolner 
and others, the prognosis is substantially better, I believe, in re- 
ticulum cell than in small cell carcinoma of the thyroid. If there 
is extension beyond the thyroid, the surgeon is then faced with 
the dilemma of how aggressive to be in the surgical treatment 
at the moment, and, of course, would usually defer for a perma- 
nent section. It might be pointed out that Dr. Thomas and Dr. 
Buckwalter have an excellent survival record in small cell carci- 
nomas of the thyroid; but in general, most reported series of 
cases do not indicate this high survival, and there would be more 
reliance on irradiation in the lymphoma group than in the small 
cell carcinomas. 


Dr. JosepH A. Buckwa.ter (Closing): I thank Dr. Shands for 
his kind and thoughtful remarks. This case emphasizes two im- 
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portant aspects of small cell neoplasms of the thyroid: First, the 
difficulty of distinguishing between reticulum cell neoplasms, 
lymphomas and small cell carcinomas of the thyroid gland; sec- 
ondly, the importance of an aggressive, positive approach to ther- 
apy in these patients. 

[Slide] The patient, a 48-year-old woman, was initially treated 
with lobectomy and radical neck dissection. The initial impression 
was that this was a small cell carcinoma of the thyroid gland. At 
the time of the initial treatment she was given an inadequate 
dose of the low voltage irradiation. 

Three years later, a second course of irradiation was given 
again, a relatively modest dose, for possible residual neoplasm. 

Six years after diagnosis, she was seen for the first time at the 
University of Iowa Hospital. At this time it was felt she had no 
evidence of residual neoplasm. Three years later, examination 
revealed recurrent neoplasm in the neck. At operation, because 
the neoplasm had invaded the trachea, the esophagus, and in- 
corporated the major vessels and nerves in the neck, it was de- 
cided that she was inoperable. 

Three years later, a more aggressive surgeon performed a 
laryngectomy, esophagectomy, and superior mediastinal dissec- 
tion. She has had no additional irradiation therapy. 

Eighteen years after the original diagnosis, the patient, now 
66 years of age, is free of gross evidence of recurrent or residual 
neoplasm. Reevaluation of the multiple sections of tissues obtained 
indicates that this may have been a reticulum cell neoplasm rather 
than a small cell carcinoma of the thyroid. It seems possible, in 
retrospect, that supervoltage full therapy irradiation at the time 
of the initial therapy might have eradicated the neoplasm. 

Consistent with current concepts of the mechanism of the 
action and experience with cancer chemotherapy, poorly dif- 
ferentiated than well differentiated thyroid neoplasms should be 
more responsive. Nitrogen mustard, 5-fluorouracil, cyclophospha- 
mide, hydroxyurea, adriamycin, bleomycin, methotrexate, vin- 
blastin, and rufocromomycin have all been used to treat patients 
with advanced thyroid neoplasms. The most extensive experience 
of which we are aware is at the M. D. Anderson Hospital. This 
experience suggests that adriamycin is the most promising chemo- 
therapeutic agent for the use in advanced, poorly differentiated 
thyroid neoplasms. 
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antiseptics or heavy-metal 
antibacterial agents which 
may interfere with the 
enzyme activity. 


Apply loose, wet dressings, 
thoroughly soaked in sodium 
chloride solution or sterile 
water to the area to be 
debrided only. 


Thoroughly soak the wound 
area. Where practical, tubbing 
or showering is suitable. Or 
wet soaks with gauze pads 
may be used. Remember to 
avoid chemical cleansing 
agents which may interfere 
with the therapy. 


Cover the moist dressings 
with an occlusive wrap 

(Saran wrap, Telfa Pads, or 
other plastic wrappings) to 
keep wound site moist. Do not 
extend occlusive wrap over 

1⁄2 inch beyond area to 

be debrided. 


With a sterile cotton swab or 
finger cot, apply a very thin 
layer of TRAVASE Ointment. 
The ointment spreads easily 
and only a small amount is 
needed (a small dab of 
ointment will cover an area 
as big as the back of a hand). 


Be sure, though, to rub the 
ointment well into every crack 
or crevice of the wound and 
overlap the surrounding skin 
one-fourth to one-half inch 
beyond the area to be 
debrided—to be sure of 
complete coverage. 


When changing dressing, 
gently wipe away the 
dissolved material. Repeat the 
complete dressing procedure, 
including application of 
TRAVASE Ointment, four 

times daily. 


The ulcer shown in these photos is simulated on a model in order to demonstrate 
the correct TRAVASE application technique. 


To: FLINT LABORATORIES 
Division of Travenol Laboratories, Inc. 


200 Wilmot Road 


Deerfield, Illinois 60015 


Name _—— Oo o aaaaaaaaaaaaaaaauauauauaasasasasasasasassassasususususususususustsuststslsslsl—l 


Tito —_—— =S mmm 


Institution. aama 


Street_ nn 


City 


Please send: 


State 





Zip 


Additional Information on TRAVASE® Ointment (brand of Sutilains) 





In-service training program 








ee 
i 


DESCRIPTION: TRAVASE® (brand of sutilains) Ointment is a sterile 
preparation of proteolytic enzymes, elaborated by Bacillus subtilis, in a 
hydrophobic ointment base consisting of 95% white petrolatum and 5% 
polyethylene. One gram of ointment contains approximately 82,000 casein 
units* of proteolytic activity. 


ACTION: TRAVASE Ointment selectively digests necrotic soft tissues by 
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tissues and purulent exudates that otherwise impair formation of 
granulation tissue and delay wound healing (4). 


At body temperatures these proteolytic enzymes have optimal activity in 
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INDICATIONS: For wound debridement (1,2)—TRAVASE Ointment is 
indicated as an adjunct to established methods of wound care for 
biochemical debridement of the following lesions: 


Second and third degree burns, 

Decubitus ulcers, 

Incisional, traumatic, and pyogenic wounds, 
Ulcers secondary to peripheral vascular disease. 


CONTRAINDICATIONS: Application of TRAVASE (brand of sutilains) 
Ointment is contraindicated in the following conditions: 


Wounds communicating with major body cavities, 
Wounds containing exposed major nerves or nervous tissue, 
Fungating neoplastic ulcers, 


Wounds in women of child-bearing potential—because of lack of 
laboratory evidence of effects of TRAVASE upon the developing fetu 
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be immediately rinsed with copious amounts of water, preferably sterile. 


PRECAUTIONS: A moist environment is essential to optimal activity ot W 
enzyme. Enzyme activity may also be impaired by certain agents. In vitre 
several detergents and antiseptics (benzalkonium chloride, 
hexachlorophene, iodine, and nitrofurazone) may render the substrate 
indifferent to the action of the enzyme (3). Compounds such as thimerosi 
containing metallic ions interfere directly with enzyme activity to a 
slight degree, whereas neomycin, sulfamylon-streptomycin, and penicillir 
do not affect enzyme activity. In cases where adjunctive topical therapy 
has been used and no dissolution of slough occurs after treatment with 
TRAVASE Ointment for 24 to 48 hours, further application, because of 
interference by the adjunctive agents, is unlikely to be rewarding. 


In cases where there is existent or threatening invasive infection, 
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Although there have been no reports of systemic allergic reaction in 
humans, studies have shown that there may be an antibody response in 
humans to absorbed enzyme material. 


ADVERSE REACTIONS: Adverse reactions consist of mild, transient pain 
paresthesias, bleeding and transient dermatitis. Pain usually can be 
controlled by administration of mild analgesics. Side effects severe 
enough to warrant discontinuation of therapy occasionally have occurre: 


If bleeding or dermatitis occurs as a result of the application of TRAVA! 
(brand of sutilains) Ointment, therapy should be discontinued. No syster 
toxicity has been observed as a result of the topical application of 
TRAVASE Ointment. 
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or water solutions. Wound MUST be cleansed of antiseptics or 
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Benzalkonium Chloride, Nitrofurazone, etc.). 


2. Thoroughly moisten wound area either through tubbing, showe! 
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3. Apply TRAVASE Ointment in a thin layer assuring intimate coni 
with necrotic tissue and complete wound coverage extending t 
V4 to V2 inch beyond the area to be debrided. 
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COUGH FREQUENCY SPUTUM VISCOSITY 

at first decreased, then increased increased with saline...significantly 
with saline...consistently reduced thinner with Mucomyst 

with Mucomyst 


EXPIRATORY PHASE 
PROLONGATION 

a good index of airways obstruction— 
WHEEZE SEVERITY increased or remained unchanged 
increased with saline...significantly with saline...s/gnificantly reduced 
reduced with Mucomyst with Mucomyst 


One double-blind cross-over study which included analysis of 52 variables 
compared the effects of one week of normal saline therapy with the effects of one 
week of 10% Mucomyst in each of 24 patients. 


While large changes cannot be expected after one week's therapy in patients 
with stable chronic obstructive lung disease, of the variables that changed 
significantly with saline therapy, more worsened 
than improved. However, of the variables that 
changed significantly with Mucomyst, the 
great majority were improvements in the 
patients’ status. 


CONCLUSIONS 

e Mucomyst decreases sputum viscosity—saline at best effects no change 

e Mucomyst reduces frequency of cough and severity of wheezing —saline 
increases them 

e Mucomyst reduces the length of the expiratory phase—saline causes no change 
or increases it 


Therapeutic compatibility of Mucomyst with isoproterenol and other broncho- 
dilators has been demonstrated in double-blind controlled studies totaling 134 
patients. No untoward effects requiring cessation of Mucomyst therapy were 
reported in these patients. 
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Indications: Mucomyst has been demonstrated to be Clinically effective as adjuvant therapy in a wide range of conditions in which 
thick, viscous mucus is a problem, including: postoperative atelectasis and pneumonia; chronic bronchopulmonary disease (emphy- 
sema, chronic bronchitis, asthmatic bronchitis, and bronchiectasis); acute bronchopulmonary disease (pneumonia, bronchitis, and 
tracheobronchitis); tracheostomy care; facilitation of bronchial studies: maintenance of an Open airway during anesthesia; and to help 
control pulmonary complications of cystic fibrosis. Contraindications: Mucomystis contraindicated in those patients who are sensitive to it. 
Warnings: After proper administration of acetylcysteine, an increased volume of liquefied bronchial secretions may occur. When cough is inadequate, the 
open airway must be maintained by mechanical suction if necessary. When there is a large mechanical block due to foreign body or local accumulation, the 
airway should be cleared by endotracheal aspiration, with or without bronchose y. Asthmatics under treatment with Mucomyst should be watched carefully. If 
bronchospasm progresses, this medication should be immediately discontinued. Alvaras Effects: Adverse effects have included stomatitis, nausea 
and rhinorrhea. Sensitivity and sensitization to Mucomyst have been reported very rarely. A few susceptible patients, particularly asth- 
matics (see Warnings), may experience varying degrees of bronchospasm associated with the administration of nebulized acetylcysteine. 
Most patients with bronchospasm are quickly relieved by the use of a bronchodilator given by 


nebulization. Administration: Mucomyst may be administered by nebulization into a tent, Croup- 
ette, face mask, or mouthpiece, or by direct instillation. Mucomyst should not be placed directly into the M 
chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and compatibility | | | 


are included in the package insert. Additional information may be obtained from Mead Johnson 
Laboratories. Supplied: Mucomyst™ -10 (acetylcysteine) a sterile 10% solution in vials of 10 ml. and30 LABORATORI ES 
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Relief 


Proctofoam-HC, unique mucoadhesive 


foam, medicates the anorectal mucosa 
more rapidly and thoroughly 


than suppositories '“ 
e better contact with the involved tissues;!6 spreads 
all evenly throughout anal canal, rectal crypts, papillae 


and hemorrhoidal sites. 
e unlike suppositories, won’t “bypass” areas of pathol- 
ogy often missed by creams and suppositories. !:4,5,6 
e unlike suppositories°—spreads evenly, with no 
need to melt. 


Proctofoam-HC offers greater 
promise of a short and pain-free 

postoperative period 

e faster wound healing!3:5 (24% to 3 weeks instead of 
the expected 3% to 4 weeks).° 

e less scar formation—wounds more pliable, with 
clean, healthy-looking, granulating tissue.!3 

e less edema, inflammation, swelling, itching, pain 


he and tenesmus.!:3:5.6 
¢ preferred by patients over other forms of therapy.145 


Compared to suppositories, 
Proctofoam-HC provides greater patient 
comfort, convenience and economy 


e measured-dose applicator facilitates self-admin- 
istration with minimal discomfort! and eliminates 
finger contact with perianal area. 

e mucoadhesive foam won't leak or stain.2:4 

e foam container requires no refrigeration. 

e less than half the cost of hydrocortisone-containing 
Suppositories per application. 
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Proctofoam-HC 


Each measured dose (approx. 6.5 ml.) delivers 
hydrocortisone acetate 1%, pramoxine hydrochloride 1%, 
in a water-soluble, mucoadhesive foam base. 


antiinflammatory/antipruritic/ analgesic 


References: 1. Bernstein, l.: Surg. Dig. 4:23, Jan. 1969. 
2. Sladek, W. R.: Scientific Exhibit, 69th Annual Meet- 
ing of American Proctologic Society, April 1970. 

3. Sladek, W. R.: Amer. J. Clin. Res. 1:33, Jan.-Feb. 1970. 
4. O'Brien, J. R.: Surg. Dig. 4:27, April 1969. 5. Miller, H.: 
Amer. J. Proctol. 18:59, Feb. 1967. 6. Lieberman, W.: 
Amer. J. Procto!. 20:134, April 1969. 

Active Ingredients: Hydrocortisone acetate, 1%, 

and pramoxine hydrochloride, 1%, in a mucoadhesive 
foam base. 

Indications: Temporary relief of anorectal inflammation, 
pruritus, pain and swelling associated with hemorrhoids, 
proctitis, cryptitis, fissures, postoperative pain and 
pruritus ani. 

Contraindications: Abscess, extensive fistulas or sinus 
tracts, tuberculosis, varicella, vaccinia or acute herpes 
simplex. 

Precautions: A complete rectal examination to rule out 
serious pathology should be completed before instituting 
therapy. Do not use on infected lesions unless accom- 
panied by antiinfective agents. Discontinue use if 
sensitivity develops. 

Caution: Do not insert any part of the aerosol container 
into the anus. Contents of the container are under pres- 
sure, but not flammable. 

Dosage: One applicatorful two or three times daily and 
after each bowel evacuation. Perianally, apply as needed. 
How Supplied: In aerosol container providing 15 Gms. 

of medication (approx. 25 applications) with special rec- 
tal applicator and patient instructions. e 


Reed & Carnrick/ Kenilworth, N.J. 07033 


BARDIC 


Baker Jejunostomy 
Catheter 

with Air-Port 
Adapter 


A Significant Aid in the Removal 
of Intestinal Obstruction When 
Complicated by a Distended Bowel 
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The BARDIC Baker Jejunostomy Catheter with 
Air-Port Adapter is a biluminal plastic catheter 
size 16 Fr. by 108” long. It has two opposing 
suction eyes, a 15cc latex balloon and inflation 
lumen complete with BARD valve. The Air-Port 
Adapter permits fingertip-controlled interrup- 
tion of suction. 


In operating for obstructions of the small intestine it is 
essential in the advanced cases to surgically decompress 
the distended bowel, as well as free the obstruction. 

In these advanced cases the dilated bowel has become 
atonic and can more quickly regain its peristalsis if com- 
pletely decompressed. In such situations this catheter is 


inserted into the jejunum through a purse-string suture 
approximately 12 inches distal to the ligament of Treitz, the 
purse-string is tightened and the balloon is inflated. 
The tube is then connected to low vacuum suction and 
advanced the length of the bowel as flatus and fluid are 
suction-evacuated and measured. The small inflated 
balloon, being firm rather than flaccid, enables the surgeon 
to obtain traction on the catheter and thereby propel 
it expeditiously along the length of the distended intestine. 
The Air-Port Adapter allows suction to be interrupted 
as needed, but may be substituted by a glass Y connection 
should it become necessary to irrigate any plugged 
material from the tube. After decompression is completed 
and the obstruction relieved, the intestine, threaded on 
the tube, is easily reduced into the abdomen in an orderly 
_ back and forth manner, avoiding acute angula- 
|1 tions. The tube can be left indwelling for seven 
=» to ten days to protect against ileus and also 
“> against obstructive angulation from recurring 
| adhesions. The more extensive the loss of 
a peritoneal surface from previous 
œ peritonitis, granulomatous or surgical 
adhesions, the more quickly and surely 
will these adhesions reform. The in- 
dwelling tube guides the pattern of the 
early reformation of adhesions against 
obstructing or sharp angulations. A 
Witzel tunnel exit is used for the prox- 
imal end of the tube. Care should be 
— exercised in making the tunnel not to obstruct 
| the lumen of the jejunum at this point. It is less 
awkward to place the distal end of the tube 
-| through the stab incision in the left upper 
quadrant of the abdominal wall at the begin- 
ning of the operation, rather than to pull the 
double proximal end through the stab at the 
completion of the operation. 








ADVANTAGES 
The immediate technical operative advantages 
are: 


1. The site of the obstruction can be more safely 
visualized and freed without spillage. 


2. Respiratory embarrassment is immediately relieved. 
3. The abdominal wound can be more easily closed. 
4. There is less trauma to the eviscerated intestine. 


5. The opportunity for recurring obstruction is reduced. 


The physiologic advantages are even more important. 
The luminal, possibly toxic, content has been completely 
aspirated and measured. The collapse of the bowel 
permits prompt restoration of its blood circulation; edema 
can then subside, and peristalsis is recovered more 
promptly. Relief of the source of obstruction alone without 
decompression does not insure the immediate 

reversal of this edema, venous stasis and atonicity. Actu- 
ally, this decompression should be accomplished first to 
insure against spillage when a knife-like adhesion is 
freed, and to lend orderly neatness to the procedure. 


TUBE INSERTED 
| FOOT DISTAL TO 
TREITZ LIGAMENT 





Figure 1. The small inflated balloon, being firm 
rather than flaccid, enables the surgeon to obtain 
traction on the catheter and thereby propel it 
expeditiously along the length of the 

distended intestine. 


OBSTRUCTING 
DISTENTION 








TO MILD 
SUCTION 






Figure 2. The Air-Port Adapter allows suction to 

be interrupted if the tip of tube engages the 

mucosa, but may be substituted by a glass Y con- 

»- nection should it become necessary to irrigate any 
plugged material from the tube. 
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Figure 3. The small intestine threaded on the 
long tube has been reduced into the abdomen in 
orderly folds. 
BARD 173013 
B BARDIC® Baker Jejunostomy Catheter 
Pediatric Size 12Fr., 72” long with Air-Port Adapter 


-5 cc balloon 


BARD 173016 

BARDIC® Baker Jejunostomy Catheter 

Adult Size 16Fr., 108” long with Air-Port Adapter 
-15 cc balloon 


INTEGRITY 


09) 
=e: BARD HOSPITAL DIVISION 
0 C. R. BARD, INC. MURRAY HILL, NEW JERSEY 07974 
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e the return 


The versatility of Phenergan can make it a useful 
medication following surgery, both in the recovery room 
and back in the ward. 

Phenergan helps you prevent and control nausea and 
vomiting associated with certain types of anesthesia and 
surgery. Also, Phenergan may be given as an adjunct to 
analgesics to help control postoperative pain* 

In addition, you can use Phenergan to help provide 
sedation. It helps allay apprehension and provide a light 
sleep from which your patients can be easily awakened. 

You can even administer Phenergan IM or IV+} 
Phenergan. Versatile. 


INJECTION 


PHENERGAN,. 


(PROMETHAZINE HCI ) "3 


*Because Phenergan adds to the sedative effects of CNS de- 
pressants, including narcotics, such'agents should either be 
eliminated or used in reduced dosage in the presence of pro- 
methazine 





trip a smooth 


Indications: Promethazine HCI injection is indicated when the oral form 
is impractical for: Amelioration and prevention of allergic reactions to 
blood or plasma in patients with known history of such reactions; in 
anaphylaxis as an adjunct to epinephrine and other standard measures 
after acute symptoms have been controlled; for other uncomplicated 
allergic conditions of the immediate type when oral therapy is impossible 
or contraindicated; active treatment of motion sickness; preoperative, 
postoperative and obstetric (during labor) sedation; prevention and con- 
trol of nausea and vomiting associated with certain types of anesthesia 
and surgery; as an adjunct to analgesics to control postoperative pain; 
for sedation and relief of apprehension and to produce light sleep from 
which the patient can be easily aroused; intravenously in special surgical 
situations (e.g. repeated bronchoscopy, ophthalmic surgery, poor-risk 
patients) with reduced amounts of meperidine as adjunct to anesthesia 
and analgesia. 


Contraindications: Contraindicated in individuals with known hyper- 
sensitivity to promethazine. |ntra-arterial injection is contraindicated. 


Warnings: The sedative action of promethazine is additive to the sedative 
effects of CNS depressants; therefore, agents as alcohol, barbiturates 
and narcotic analgesics should be eliminated or given in reduced dosage 
in presence of promethazine. When given concomitantly with pro- 
methazine reduce dose of barbiturates by at least % and dose of anal- 
gesic depressants (e.g. morphine or meperidine) by % to %. Although 
proper IV use of promethazine is well-tolerated, exercise care not to 
allow perivascular extravasation since under such circumstances chemi- 
cal irritation may occur? When used IV, give in a concentration no greater 
than 25 mg./cc. and at a rate not over 25 mg./minute. 


Precautions: Caution ambulatory patients against driving autos or operat- 
ing dangerous machinery until it is known that they do not become 
drowsy or dizzy from promethazine. Antiemetics may mask symptoms of 
unrecognized disease and thus interfere with diagnosis. Patients in pain 
who received inadequate or no analgesia have developed “athetoid- 
like’ movements ofthe upper extremities following parenteral prometha- 
zine. These symptoms usually disappear on adequate control of pain. 


Adverse Reactions: Patients may occasionally complain of autonomic 
reactions, e.g. dryness of mouth, blurring of vision and rarely dizziness. 
Very rare cases have been reported where patients receiving prometha- 
zine developed leukopenia. In one instance agranulocytosis has been 
reported. In nearly every instance reported other toxic agents known to 
have caused these conditions were associated with administration of 
promethazine. Cardiovascular by-effects from promethazine have been 
rare (minor increases in blood pressure, occasional mild hypotension). 
Photosensitivity (extremely rare) contraindicates further use of pro- 
methazine or related drugs. Attempted suicides with promethazine 

“resulted in deep sedation, coma, rarely convulsions and cardiorespira- 
tory symptomscompatible with depth of sedation. A paradoxical reaction 
(hyperexcitability and nightmares) has been reported in children receiv- 
ing large single doses. 


Composition: Injection—1 cc. ampuls of 25 mg./cc. and 50 mg./cc. Each 
cc. alsocontainsO.1mg.disodium edetate,0.04 mg. calcium chloride and 
not more than 0.25 mg. sodium metabisulfite and 5 mg. phenol with so- 
dium acetate buffer. 


Wyeth Laboratories Philadelphia, Pa. 
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Seamless Dual-Finish 


Surgeons Glove, 
e end of 








powder granuloma 








To make it easy to don, a surgeons’ glove 
has to be powdered. Unfortunately, how- 
ever, it’s a practice that can lead to 
powder granuloma. 

What we've done in coming up with 
our disposable Seamless Dual-Finish™ 
Surgeons’ Glove, is create a glove with 
an external surface to which powder 
won't adhere. The result is a glove that's 
easy to don, and just about certain not 
to contaminate the operative field! 

And as if that weren't enough, the 


could 
be at hand. 





Dual-Finish is made on a newly designed 
mold to offer unsurpassed comfort, 
sensitivity and fit. 

Let us help you evaluate the Seamless 
Dual-Finish Surgeons’ Glove with an 
in-hospital test. Once you see the results 
we think you'll agree it’s the ultimate 
glove to have on hand! For aid in con- 
ducting an evaluation test talk to your 
Seamless representative or write direct 
to Seamless, New Haven, Conn. 06503. 
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Microbicidal power D 
of BETADINE SURGICA 
SCRUB was used in Apollo 
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11/12/14 Splashdowns ~“ 


Prep wit 
Surgical Scrub/Solution/Aerost 


Golden microbicidal lather of BETADINE SURGICAL SCRUB 
for optimal preoperative skin degerming—Selected by NASA 
for decontamination procedures in Apollo 11/12/14 
Splashdowns, BETADINE SURGICAL SCRUB offers unique 
advantages for preoperative degerming of the skin of your 
patients. It kills bacteria (both gram-positive and gram- 
negative), fungi, viruses, protozoa and yeasts. It is fully micro- 
bicidal with each application—there is no waiting fora 
gradual antibacterial buildup. 





Enhance antisepsis with BETADINE SOLUTION or BETADINE 
AEROSOL SPRAY — After prepping the operative site with BETADINE 
SURGICAL SCRUB, paint with BETADINE SOLUTION or spray with 
BETADINE AEROSOL SPRAY. Both are fully microbicidal, film-forming, 
exert longer microbicidal action than iodine tincture, and maintain em 
microbicidal action in the presence of blood, pus, serum or necrotic 
tissue. The site of application can be bandaged or taped. 


To help prevent postoperative infection—Reapply BETADINE 
SOLUTION or BETADINE AEROSOL SPRAY after suturing BETA DINF 
and during redressing. BETADINE microbicides are virtually Povidone so 
nonirritating and do not stain skin or natural fabrics. In the rare = 

instance of local irritation or sensitivity to BETADINE SURGICAL > 


SCRUB, discontinue use in the individual. 





Purdue Frederick 


© COPYRIGHT 1971, 1972, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 B6791 124373 


For the busy surgeon . . . an up-to-date review 
of recent progress 


THE SURGICAL MANAGEMENT 
OF VASCULAR DISEASES 


Edited by Henry Haimovici, M.D. With 24 Contributors. 


This timely book provides a comprehensive overview of the 
latest diagnostic methods and therapeutic procedures for some 
of the most important venous and arterial diseases amenable to 
surgical correction. 


Chapters in this well-organized work range from Plication of the 
Interior Vena Cava for Prevention of Pulmonary Embolism to 
Surgical Indications in Renovascular Hypertension. Ulustrated 
chapters were contributed by authorities in fields of vascular 
surgery, thoracic surgery, internal medicine, cardiology, hema- 
tology, and radiology. Clinically-sound conclusions are presented, 
based upon data from long-term follow-ups and the recent emerg- 
ence of standardized techniques and surgical indications. 


Everyone concerned with the limits and advantages of vascular 
surgery will benefit from the important material that fills the 
pages of this helpful book. 


260 Pages ® 155 Illustrations @ 1970 ® $18.50 
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J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Lippincott 
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] Please send me: l 

f C] THE SURGICAL MANAGEMENT OF VASCULAR DISEASES... .$18.50 i 
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Serious enough for FURACIN 


nitroturazone 


Furacin belongs on every emergency Care k FORMULA: Contains Furacin (nitrofurazone) 0.2% in Solubase® 
a: S (a water-soluble base of polyethylene glycols 4000, 1000 and 300). 


team. Furacin encourages infection-free À £ SENSITIZATION: Sensitization to Furacin is rarely seen in burns 


h li ‘ a è : , ; and surgical practice, the reported incidence not ex ceeding 0.59 
ec Ing, 1S nonmacerating, nonirritating, The reported overall incidence of sensitization is low, about 1. 1%, 
å ‘ ; including those reactions which occur when treating chronic stasis 
nontoxic to tissue. Furacin seldom ulcers, notoriously sensitive to many agents. In these cases. 


ve tization is minimized by protecting surrounding intact skin with a 
sensitizes, and development of — bland ointment. To minimize any adverse elfect restrict appli ati on 
PS where possible to 5 to 7 days, and remove medication by irriga- 
resistant strains is unlikely tion at first sign of irritation. Furacin (nitrofurazone) does 
: not replace surgical procedures when these are indi cated; 

however it is a useful adjunct. 
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“clean wound insurance” 
in burns, lacerations, 
skin grafts 





EATON LABORATORIES 
Division of Morton-Norwich Products, Inc. 


®Originators and Developers of The Nitrofurans 
NORWICH, NEW YORK 13815 








when pain goes on... 
and on... | 
and on- 








the analgesic formula that calms instead of caffeinates 
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For the patient with a terminal illness, PAIN past, present, and future can dominate 
his thoughts until it becomes almost an obsession. The more he is aware of the pain 
he is now experiencing, the more difficult it is to erase his memory of yesterday's 
pain, and to allay his fearful anticipation of tomorrow's pain. 


Surely the last thing this patient needs is an analgesic containing caffeine to stimulate 
the senses and heighten pain awareness. A far more logical choice is Phenaphen 
with Codeine. The sensible formula provides % grain of phenobarbital to take 

the nervous “edge” off, so the rest-of the formula can help control the pain more 
effectively. Don't you agree, Doctor, that psychic distress is an important factor 

in most of your terminal and long-term convalescent patients? 





Phenaphen with Codeine No. 2, 3, or 4 contains: Phenobaébital 

(% gr.), 16.2 mg. (warning: may be habit forming); Aspirin E l be: 
(2% gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine ee A 
phosphate, 1⁄4 gr. (No. 2), % gr. (No. 3) or 1 gr. (No. 4) (warn 
may be habit forming). 


Indications: Provides relief in severe grades of pain, on low 

codeine dosage, with minimal possibility of side effects. Its use ~ 

frequently makes unnecessary the use of addicting narcotics. 

_ Contraindications: Hypersensitivity to any of the components. 
sautions: As with all phenacetin-containing products, 


Gessive or prolonged use should be avoided. Side effects: 


ity 3 to 4 hours as needed; Phenaphen No. 4 
S0 4 hours as needed. For further details see 


t of 1970. Available on written 
yrefilled 5 times within 6 
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important — 
inthe 
hospital 


just 
as useful 
inthe 


office 





Wide usage in the hospital 

Its wide usage in the hospital qualifies 
Keflex as a dependable oral antibiotic 
for use in the office. 


Effective in an important range of 
infections 

Keflex is appropriate in a variety of 
infections that are treated in office 
practice: 

Respiratory infections such as 
bronchitis, pneumonia, and 
bronchopneumonia due to susceptible 
strains of Diplococcus pneumoniae 

Urinary tract infections caused by 
susceptible strains of Escherichia coli, 
Proteus mirabilis, or Klebsiella sp. 

Skin and soft-tissue infections due to 
susceptible strains of staphylococci, 
including coagulase-positive, coagulase- 
negative, and penicillinase-producing 
strains 


High blood levels, bactericidal 
activity in vitro 

With Keflex, peak serum levels are 
reached in one hour. For example, 
following a single 500-mg. dose, average 
peak serum levels are approximately 

18 mcg. per ml. 

In addition, in-vitro studies 
demonstrate that the cephalosporins 
exhibit bactericidal activity (by 
inhibition of cell-wall synthesis) against 
susceptible organisms. (The in-vivo 
mechanism cannot be determined, of 
course, because no method exists for 
clinical demonstration.) 


Acid stable, rapidly absorbed 


Because Keflex is acid stable, it may be 
given without regard to meals. 
Furthermore, it is rapidly absorbed after 
oral administration. 


A good choice in the office 


There are a host of reasons for 
prescribing Keflex with confidence in the 
office. That’s why it is so often a good 
first choice when indicated. 


Note: Keflex is contraindicated in 
patients with known allergy to 
cephalosporins and should be used with 
great caution in patients allergic to 
penicillin. The most frequent side-effects 
are gastro-intestinal. 


Prescribing Information 

Description: Keflex is a semisynthetic cephalo- 
sporin antibiotic intended for oral administration. 
It is 7-(D-a-amino-a-phenylacetamido)-3-methyl- 
3-cephem-4-carboxylic acid, monohydrate. 
Actions: Human Pharmacology—Keflex is acid 
stable and may be given without regard to meals. 
It is rapidly absorbed after oral administration. 
Following doses of 250 and 500 mg., average peak 
serum levels of approximately 9 and 18 mcg. per 
ml. respectively were obtained at one hour. Meas- 
urable levels were present six hours after admin- 
istration. Over 90 percent of the drug is excreted 
unchanged in the urine within eight hours. Peak 
urine concentrations are approximately 1,000 mcg. 
per ml. during this period following a 250-mg. 
dose. 

Microbiology—In-vitro tests demonstrate that 
the cephalosporins are bactericidal because of 
their inhibition of cell-wall synthesis. Keflex is 
active against the following organisms in vitro: 

Beta-hemolytic streptococci/Staphylococci, in- 

cluding coagulase-positive, coagulase-negative, 

and penicillinase-producing strains/Diplococcus 
pneumoniae/Escherichia coli/Proteus mirabilis/ 

Klebsiella sp. 

Note—Most strains of enterococci (Streptococ- 
cus faecalis) and a few strains of staphylococci are 
resistant to Keflex. It is not active against most 
strains of Enterobacter sp., Pr. morganii, and Pr. 
vulgaris. It has no activity against Pseudomonas 
or Herellea species. When tested by in-vitro 
methods, staphylococci exhibit cross-resistance 
between Keflex and methicillin-type antibiotics. 
Indications: Keflex is indicated for the treatment 
of the following infections when caused by suscep- 
tible strains of the designated micro-organisms: 

Respiratory tract infections caused by D. pneu- 

moniae and group A beta-hemolytic strepto- 
cocci (Penicillin is the usual drug of choice in 
the treatment and prevention of streptococcal 
infections, including the prophylaxis of rheu- 
matic fever. Keflex is generally effective in the 
eradication of streptococci from the naso- 
pharynx; however, substantial data establish- 
ing the efficacy of Keflex in the subsequent 
prevention of rheumatic fever are not avail- 
able at present.) 

Skin and soft-tissue infections caused by 

staphylococci and/or streptococci 

Genito-urinary tract infections, including acute 

prostatitis, caused by Esch. coli, Pr. mirabilis, 
and Klebsiella sp. 

Note—Culture and susceptibility tests should be 

initiated prior to and during therapy. Renal func- 
tion studies should be performed when indicated. 
Contraindication: Keflex is contraindicated in 
patients with known allergy to the cephalosporin 
group of antibiotics. 
Warnings: IN PENICILLIN-ALLERGIC PATIENTS, 
CEPHALOSPORIN C DERIVATIVES SHOULD BE USED 
WITH GREAT CAUTION. THERE IS CLINICAL AND 
LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS, AND THERE ARE INSTANCES 
OF PATIENTS WHO HAVE HAD REACTIONS TO 
BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS 
AFTER PARENTERAL USE). 

Any patient who has demonstrated some form 
of allergy, particularly to drugs, should receive 
antibiotics cautiously and then only when abso- 
lutely necessary. No exception should be made 
with regard to Keflex. 


® 
Keflex: 
| Pulvules® 


cephalexin monohydrate 


Usage in Pregnancy —Safety of this product for 
use during pregnancy has not been established. 
Precautions: Patients should be followed carefully 
so that any side-effects or unusual manifestations 
of drug idiosyncrasy may be detected. If an allergic 
reaction to Keflex occurs, the drug should be dis- 
continued and the patient treated with the usual 
agents (e.g., epinephrine, antihistamines, pressor 
amines, or corticosteroids). 

Prolonged use of Keflex may result in the over- 
growth of nonsusceptible organisms. Careful ob- 
servation of the patient is essential. If superinfec- 
tion occurs during therapy, appropriate measures 
should be taken. 

Positive direct Coombs tests have been reported 
during treatment with the cephalosporin anti- 
biotics. In hematologic studies or in transfusion 
cross-matching procedures when antiglobulin 
tests are performed on the minor side or in 
Coombs testing of newborns whose mothers have 
received cephalosporin antibiotics before parturi- 
tion, it should be recognized that a positive 
Coombs test may be due to the drug. 

Keflex should be administered with caution in 
the presence of markedly impaired renal function. 
Under such conditions, careful clinical observation 
and laboratory studies should be made because 
safe dosage may be lower than that usually recom- 
mended. 

Indicated surgical procedures should be per- 
formed in conjunction with antibiotic therapy. 

As a result of administration of Keflex, a false- 

positive reaction for glucose in the urine may 
occur. This has been observed with Benedict's and 
Fehling’s solutions and also with Clinitest® tablets 
but not with Tes-Tape® (urine sugar analysis 
paper, Lilly). 
Adverse Reactions: Gastro-Intestinal—The most 
frequent side-effect has been diarrhea. It was very 
rarely severe enough to warrant cessation of ther- 
apy. Nausea, vomiting, dyspepsia, and abdominal 
pain have also occurred. 

Hypersensitivity —Allergies (in the form of rash, 
urticaria, and angioedema) have been observed. 
These reactions usually subsided upon discontinu- 
ation of the drug. 

Other reactions have included genital and anal 
pruritus, genital moniliasis, vaginitis and vaginal 
discharge, dizziness, fatigue, and headache. Eosin- 
ophilia, neutropenia, and slight elevations in 
SGOT and SGPT have been reported. 
Administration and Dosage: Keflex is adminis- 
tered orally. The adult dosage ranges from 1 to 4 
Gm. daily in divided doses. The usual adult dose 
is 250 mg. every six hours. For more severe infec- 
tions or those caused by less susceptible organ- 
isms, larger doses may be needed. If daily doses of 
Keflex greater than 4 Gm. are required, parenteral 
cephalosporins, in appropriate doses, should be 
considered. 

The recommended daily dosage for children is 
25 to SO mg. per Kg. divided into four doses. 

In severe infections, the dosage may be doubled. 

In the treatment of beta-hemolytic streptococcal 
infections, a therapeutic dosage of Keflex should 
be administered for at least ten days. 

How Supplied: Pulvules” Keflex® (cephalexin 
monohydrate, Lilly), equivalent to 250 or 500 mg. 
cephalexin, in bottles of 24 and 100 and in Identi- 
Dose” (unit dose medication, Lilly) in boxes of 100. 

Keflex, for Oral Suspension, equivalent to 125 
mg. cephalexin per 5-ml. teaspoonful, in 60 and 
100-ml.-size packages and in Identi-Dose in pack- 
ages of 100. 

Keflex, for Pediatric Drops, equivalent to 100 
mg. cephalexin per ml. (5 mg. per drop), in 10-ml.- 
size packages, with dropper calibrated at 25 and 
50 mg. 
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so often a good first choice 


Additional information available to the profession on request. 


Lilly 


Eli Lilly and Company e Indianapolis, Indiana 46206 
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Burns 


When parenteral analgesia 
is no longer required, 
Empirin Compound with 
Codeine usually provides the 
relief needed. 


Sutures 





Empirin Compound with 
Codeine is effective for 
visceral as well as soft tissue 
pain—provides an antitussive 
bonus in addition to its 
prompt, predictable 
analgesia. 


ill prescribing convenience: 
up to 5 refills in 6 months, 
at your discretion (unless 
restricted by state law); by 


telephone order in many states. 


Empirin Compound with 
Codeine No. 3, codeine 
phosphate* 32.4 mg. (gr. Y2); 
No. 4, codeine phosphate* 
64.8 mg. (gr. 1).*Warning — 
may be habit-forming. Each 
tablet also contains: aspirin 
gr. 342, phenacetin gr. 2%, 
caffeine gr. ¥2. 


heat Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome / North Carolina 27709 





Healing nicely 





but it still 









COMPOUND 
¢ CODEINE 


#3, codeine phosphate* (32.4 mg.) gr. 72 
#4, codeine phosphate* (64.8 mg.) gr. 1 





~- 


4 


JUNE 1973 * VOL. 177, NO. 6 





NNALS 


of 


URGER’ 


A Monthly Review of 





Surgical Science and Practice 


Since 1885 


May and June numbers contain papers delivered at 
THE 84th ANNUAL SESSION 
of the 
SOUTHERN SURGICAL ASSOCIATION 
Boca Raton, Florida, December 4-6, 1972 








J. B. LIPPINCOTT COMPANY 


ANSUA5 





hyperthyroidism 
Or Chronic 
thyroiditis’?* 


IN any Case... 
when nutritional 
supplementation 
is indicated 
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Tablets 


With balanced, high potency B-complex 
and C vitamins...No odor... 

Virtually no aftertaste... Lowest priced 
Rx formula. 


Please see complete product information, 
a summary of which follows: 


Each Berocca Tablet contains: 


. Thiamine mononitrate (Vitamin B;)......... 15mg 
Riboflavin (Vitamin Bz)................... 15mg 
Pyridoxine HCI (Vitamin Be)............... 5mg 
Niacinamide............................ 100 mg 
Calcium pantothenate................... 20mg 
Cyanocobalamin (Vitamin Biz)............. 5 mcg 
hak: eee eee 0.5mg 
Ascorbic acid (VitaminC)................. 500 mg 
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Berocca is 





Indications: Nutritional supplementation in condi- 
tions in which water-soluble vitamins are required 
prophylactically or therapeutically. 


Warning: Not intended for treatment of pernicious 
anemia or other primary or secondary anemias. 
Neurologic involvement may develop or progress, 
despite temporary remission of anemia, in patients 
with pernicious anemia who receive more than 0.1 
mg of folic acid per day and who are inadequately 
treated with vitamin B42. 


Dosage: 1 or 2 tablets daily, as indicated by 
clinical need. 


Available: In bottles of 100. 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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circulation 


Documented by 10 independent 
investigators, in studies involving a total of 
1,809 patients: a low incidence of circula- 
tory depression with Talwin.**” 


respiration 


Documented by 9 independent 
investigators, in studies involving a 
total of 1,296 patients: a low incidence 
of respiratory depression with 
Talwin.”* 1,2,3,7,9-13 


urinary retention 


Documented by 4 independent 
investigators, in studies involving a 
total of 792 patients: a low incidence of 
urinary retention with Talwin.*°""" 


narcotic controls 


Documented by 5 years of wide 
clinical use in many thousands of pa- 
tients: a low dependence liability with 
Talwin” Talwin is not subject to narcotic con- 
trols. Yet, Talwin iscomparable to narcotics in 
analgesic efficacy.” 


References: 1. Sadove, M. et al.: J.A.M.A. 189:199, July 20, 1964. 2. Hinshaw, J. R. 
etal.: Am. J. Med. Sci. 251:57, Jan. 1966. 3. Gaines, H. R.: IU. Med. J. 131:320, March 
1967. 4. Marks, M. M.: Int. Surg. 48:519, Dec. 1967. 5. O’Connell, T.C. J. et al.: J. Ir. 
Med. Assoc. 61:357, Oct. 1968. 6. Lal, S. et al.: Lancet 1:379, Feb. 22, 1969. 7. Scott, 
M. E. and Orr, Rosemary: Lancet 1:1065, May 31, 1969. 8. Wallace, G.: Int. Surg. 
53:135, Feb. 1970. 9. Befeler, D. and Giatinni, J. F: Int. Surg. 54:219, Sept. 1970. 
10. Grossman, J. A. and Enselberg, C. D.: Curr. Ther. Res. 13:505, Aug. 1971. 

11. Jennett, S. et al.: Br. J. Anaesth. 40:864, Nov. 1968. 12. Davie, I. etal.: Br. J. 
Anaesth. 42:113, Feb. 1970. 13. Glass, P etal.: Am. Rev. Resp. Dis. 102:116, July 1970. 
14. Stoelting, V. K.: Anesth. Analg. 44:769, Nov.-Dec. 1965. 15. Anderson, E. C. et al.: 
J. Urol. 96:584, Oct. 1966. 16. Wilkey, J. L. et al.: J. Urol. 97:550, March 1967. 

17. Wendel, H. A.: Med. Counterpoint 3:9, June 1971. 


*See next page for a complete discussion of Warnings, Precautions, 
Adverse Reactions, and other Prescribing Information. 
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Brief Summary 

Talwin® brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 

Indications: For the relief of moderate to severe 
pain. Talwin may also be used for preoperative or 
preanesthetic medication and as a supplement to 
Surgical anesthesia. 

Contraindication: Talwin should not be adminis- 
tered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care should 
be exercised in prescribing pentazocine for 
emotionally unstable patients and for those with a 
history of drug misuse. Such patients should be 
closely supervised when long-term therapy is 
contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, rarely, 
in patients without such a history. Abrupt discon- 
tinuance following the extended use of parenteral 
Talwin has resulted in symptoms such as ab- 


dominal cramps, elevated temperature, rhinorrhea, 


restlessness, anxiety, and lacrimation. Even when 
these occurred, discontinuance has been accom- 
plished with minimal difficulty. In the rare patient 
in whom more than minor difficulty has been 
encountered, reinstitution of parenteral Talwin 
with gradual withdrawal has ameliorated the 
patient’s symptoms. Substituting methadone or 
other narcotics for Talwin in the treatment of the 
Talwin abstinence syndrome should be avoided. 
In prescribing parenteral Talwin for chronic use, 
particularly if the drug is to be self-administered, 
the physician should take precautions to avoid 
increases in dose and frequency of injection by 
the patient and to prevent the use of the drug in 
anticipation of pain rather than for the relief of 
pain, 

Just as with all medication, the oral form of Talwin 
is preferable for chronic administration. 

Head Injury and Increased Intracranial Pressure. 
The respiratory depressant effects of Talwin and 
its potential for elevating cerebrospinal fluid pres- 
Sure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions, or 
a preexisting increase in intracranial pressure. 
Furthermore, Talwin can produce effects which 
may obscure the clinical course of patients with 
head injuries. In such patients, Talwin must be 
used with extreme caution and only if its use is 
deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been estab- 
lished. Animal reproduction studies have not 
demonstrated teratogenic or embryotoxic effects. 
However, Talwin should be administered to preg- 
nant patients (other than labor) only when, in the 
judgment of the physician, the potential benefits 
outweigh the possible hazards. Patients receiving 
Talwin during labor have experienced no adverse 
effects other than those that occur with commonly 
used analgesics. Talwin should be used with 
Caution in women delivering premature infants. 
Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, in 
rare instances, hallucinations (usually visual), 
disorientation, and confusion which have cleared 
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spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients should be very closely observed and vital 
signs checked. If the drug is reinstituted it should 
be done with caution since the acute CNS 
manifestations may recur. 

Usage in Children. Because clinical experience in 
children under twelve years of age is limited, the 
use of Talwin in this age group is not recom- 
mended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, ambu- 
latory patients should be warned not to operate 
machinery, drive cars, or unnecessarily expose 
themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory 
depression should be considered in treatment of 
patients with bronchial asthma. Talwin should be 
administered only with caution and in low dosage 
to patients with respiratory depression (e.g., from 
other medication, uremia, or severe infection), 
obstructive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
Causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver dis- 
ease appears to predispose to greater side 
effects (e.g., marked apprehension, anxiety, dizzi- 
ness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism of 
the drug by the liver, 

Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with myo- 
Cardial infarction who have nausea or vomiting. 
Biliary Surgery. Until further experience is gained 
with the effects of Talwin on the sphincter of 
Oddi, the drug should be used with caution in 
patients about to undergo surgery of the biliary 
tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the daily 
treatment of narcotic dependence, have experi- 
enced mild withdrawal symptoms after receiving 
Talwin. 

CNS Effect. Caution should be used when Talwin 
is administered to patients prone to seizures: 
Seizures have occurred in a few such patients in 
association with the use of Talwin although no 


cause and effect relationship has been established. 


Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or lighthead- 
edness, vomiting, euphoria. 

Infrequently occurring reactions are—respiratory: 
respiratory depression, dyspnea, transient apnea 
in a small number of newborn infants whose 
mothers received Talwin during labor: cardiovas- 
cular: circulatory depression, shock, hypertension; 
CNS effects: sedation, alteration of mood (ner- 
vousness, apprehension, depression, floating feel- 
ing), dreams; gastrointestinal: constipation, dry 
mouth; dermatologic including local: diaphoresis, 
sting on injection, flushed skin including plethora, 
dermatitis including pruritus; other: urinary reten- 
tion, headache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromuscular 
and psychiatric: muscle tremor, insomnia, disori- 
entation, hallucinations; gastrointestinal: taste 
alteration, diarrhea and cramps; ophthalmic: 
blurred vision, nystagmus, diplopia, miosis; other: 
tachycardia, soft tissue induration, nodules, 
Cutaneous depression, and ulceration (sloughing) 
at the injection site, weakness or faintness, chills, 
moderate transient eosinophilia, allergic reactions 
including edema of the face. 

See Acute CNS Manifestations and Drug 
Dependence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
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parenteral dose is 30 mg. by intramuscular, sub- 
Cutaneous, or intravenous route. This may be 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly 

or subcutaneously are not recommended, Total 
daily dosage should not exceed 360 mg. As with 
most parenteral drugs, when frequent daily injec- 
tions are needed over a prolonged period, intra- 
muscular administration is preferable to subcuta- 
neous. In addition, constant rotation of injection 
sites (e.g., the upper outer quadrants of the but- 
tocks, mid-lateral aspects of the thighs, and the 
deltoid areas) is recommended. 

Patients in Labor. A single, intramuscular 30 mg. 
dose has been most commonly administered. An 
intravenous 20 mg. dose has given adequate pain 
relief to some patients in labor when contractions 
become regular, and this dose may be given two 
or three times at two- to three-hour intervals, as 
needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vasopres- 
sors, and other supportive measures should be 
employed as indicated. Assisted or controlled ven- 
tilation should also be considered. Although 
nalorphine and levallorphan are not effective anti- 
dotes for respiratory depression due to overdos- 
age or unusual sensitivity to Talwin, parenteral 
naloxone (Narcan®, available through Endo 
Laboratories) is a specific and effective antagonist. 
Talwin is not subject to narcotic controls. 

How Supplied: Ampuls of 7 mi. (30 mg.), 1%2 ml. 
(45 mg.), and 2 ml. (60 mg.) in boxes of 25. 

Each 1 ml. contains Talwin (brand of pentazocine) 
as lactate equivalent to 30 mg. base and 2.8 mg. 
sodium chloride, in water for injection. 

Multiple dose vials of 10 ml., each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium 
bisulfite, 1.5 mg. sodium chloride, and 4 mg. 
methylparaben as preservative, in water for injec- 
tion. Boxes of 1. 

The pH of Talwin solutions is adjusted between 

4 and 5 with lactic acid and sodium hydroxide. The 
air in the ampuls and vials has been displaced 
by nitrogen gas. 
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Microbicidal power — 
of BETADINE SURGICAL 
SCRUB was used in Apollo R 
11/12/14Splashdowns ~ 


Prep wit 
Surgical Scrub/Solution/Aerosc 


Golden microbicidal lather of BETADINE SURGICAL SCRUB 
for optimal preoperative skin degerming — Selected by NASA 
for decontamination procedures in Apollo 11/12/14 
Splashdowns, BETADINE SURGICAL SCRUB offers unique 
advantages for preoperative degerming of the skin of your 
patients. It kills bacteria (both gram-positive and gram- 
negative), fungi, viruses, protozoa and yeasts. It is fully micro- 
bicidal with each application —there is no waiting fora 
gradual antibacterial buildup. 








em Enhance antisepsis with BETADINE SOLUTION or BETADINE 
AEROSOL SPRAY — After prepping the operative site with BETADINE 
SURGICAL SCRUB, paint with BETADINE SOLUTION or spray with 
BETADINE AEROSOL SPRAY. Both are fully microbicidal, film-forming, 
exert longer microbicidal action than iodine tincture, and maintain ga 
microbicidal action in the presence of blood, pus, serum or necrotic f 
tissue. The site of application can be bandaged or taped. 


To help prevent postoperative infection—Reapply BETADINE 
SOLUTION or BETADINE AEROSOL SPRAY after suturing 

and during redressing. BETADINE microbicides are virtually 
nonirritating and do not stain skin or natural fabrics. In the rare 
instance of local irritation or sensitivity to BETADINE SURGICAL 
SCRUB, discontinue use in the individual. 
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- Cries for Relief! 


Start oral DILAUDID (hydromorphone) 
2 to 4 mg. every four hours... to 
alleviate moderate to severe pain... 
well tolerated ... minimal sedation 


CONTRAINDICATIONS: Intracranial lesions associated with increased intracranial 
pressure, status asthmaticus. WARNINGS: May be habit forming. If given intravenously, 
injection should be given very slowly. PRECAUTIONS: Usual precautions for admini- 
Stration of opiate analgesics should be observed; the possibility of respiratory 
depression should be kept in mind. If significant respiratory depression should occur, 
it may be antagonized by the use of nalorphine hydrochloride or levallorphan tartrate. 
ADVERSE REACTIONS: Nausea, vomiting, dizziness, somnolence, anorexia and consti- 
pation may occur. Rapid intravenous injection increases the possibility of hypotension 
and respiratory depression. HOW SUPPLIED: Tablets — 1 mg., 2 mg., 3 mg., 4 mg. 
Rectal Suppositories — 3 mg. in cocoa butter base. Ampules — 1 ml., 1 mg., 2 mg., 
3 mg., and 4 mg. per mi. with 0.2% sodium citrate, 0.2% citric acid solution. Cough 
Syrup — 1 mg. Dilaudid hydrochloride and 100 mg. glyceryl guaiacolate per 5 ml. 


A Schedule II (@) narcotic. Requires Federal BND order form. 


Olaudid 


(hydromorophone) 
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and illustrations, plus three copies and 3 sets of 
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Compare Parke-Davis Elastic Support 
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be recommending. See for yourself why ours 
best provides these important advantages. 





1. True, controlled graduated compression 
means greater support at the foot and 
ankle, and gradually less support higher up 
the leg. Ours obviously provides this feature. 


2. Two-way stretch is woven into the 
hosiery from bottom to top. So there’s no 
need for a tourniquet-like band at the top to 
help keep the hosiery up. Ours obviously 
provides this feature. 


3. Medically-correct design matches the 


` needs of the patient with vascular disease of 


the lower extremities. Ours obviously 
provides this feature. 


Result: our support hosiery does what 
support hosiery should do. It helps prevent 
edema. Minimizes venous pooling of blood. 
Helps reduce the leg pain associated with 
varicosities. 
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The most important step i o 
initiating reversal of hypovolemic shock — 
is restoring effective blood volume — 


In hemorrhagic and traumatic shock, the effects of agn ee 
volume deficiency represent the primary danger to life. ‘(Gai ——, , 

Rheomacrodex works immediately to provide 
greater initial plasma volume expansion than equal 
amounts of blood, plasma, saline or Ringers. This 
rapid, large volume increase can be life-saving, particu- 
larly in the crucial initial stages of treatment. 

Due to its molecular-weight distribution and con- 
centration, Rheomacrodex offers the two properties es- 
sential in a volume expander — rapid initial oncotic effect 
and sustained volume action. 

Rheomacrodex rapidly achieves an immediate peak 
expansion to restore lost volume rapidly, and over the 
longer term maintains circulating volume comparable to 
infusions of blood and plasma. | 3 

But the advantages of Rheomacrodex do not end 
here. Rheomacrodex offers more than efficient plasma 
volume expansion. Pe eee 
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Rheomacrodex’ 
(dextran 40) 


Contraindications: Marked thrombo- 
cytopenia, hypofibrinogenemia or renal 
disease with severe oliguria or anuria. 
Warnings: Since dextran-40 draws water 
from extravascular space, dehydrated 
patients should be given additional fluids. 
The degree of dehydration can be assessed 
by serum or urine osmolarity tests. 
Diuretics may be used to maintain adequate 
urine flow. Renal failure, osmotic nephrosis 
and, occasionally, abnormal hepatic and 
renal function values have been reported. 
Because safety in early pregnancy has not 
been established, do not use in women of 
childbearing age unless potential benefits 
outweigh risks. Use with caution in 
patients with active bleeding, because 
improved perfusion pressure and flow may 
cause further blood loss. 

Precautions: Dosages above 20 ml./kg. 
may prolong bleeding time. To avoid excess 
dosage with circulatory overloading, moni- 
toring of central venous pressure is recom- 
mended. Do not depress hematocrit below 
30 vol.%. 

Because the presence of Rheomacrodex can 
interfere with bilirubin and protein assays, 
blood glucose determinations, and some 
blood typing and cross matching procedures, 
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these tests be drawn prior to infusion of 
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that Rheomacrodex has been administered 
so that suitable assay methods be applied. 
Adverse Reactions: Mild urticaria has 
occurred in a few patients. More severe 
allergic reactions including generalized 
urticaria, tightness of chest, wheezing, 
hypotension, nausea and vomiting may 
occur rarely. They may be relieved by 
parenteral epinephrine, ephedrine or 
antihistamines. 

Dosage: Total dosage should not exceed 
20 ml./kg. in the first 24 hours or 10 ml./kg. 
in each subsequent 24 hours. Do not 
continue beyond 5 days. 

Supplied: Bottles of 500 ml. 10% solution 
in normal saline or in 5% aqueous dextrose. 
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Tucks pads soothe and comfort two ways after 
anorectal surgery, with no potentially sensitizing 
“caine” type anesthetic. As a wipe, these soft 


cotton flannel pads gently, yet thoroughly cleanse 
as they soothe. As a cooling compress they relieve 
post-operative discomforts. And they can be used 
as often as needed with minimum risk of 
sensitization or over-treatment 


The solution is 50% witch hazel and 10% glycerine, 
buffered to pH 4.6 to maintain the natural skin 
acid level. 


Trust Tucks for prompt relief of post-operative 
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... how soon? Gloves can be a fatigue factor. That's why 


TRAVENOL is making TRIFLEX® 





surgeon’s gloves on a new 


patented mold that makes a better fitting glove. 

There's built-in sensitivity in TRIFLEX soft-dipped latex. 
Matte finish means a higher co-efficient of friction. The outer 
glove surface is less slippery when wet, and it won't get tacky. 

PowderlN processing cures powder right onto the inside 
surface. Try the dark suit powder demonstration test with your 
TRAVENOL representative. 





Each pair is packaged ina handy waterproof plastic 
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The Use of Propranolol in the Surgical Treatment of 


Thyrotoxic Patients 
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B ETA-ADRENERGIC STIMULATION produces many of the 
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symptoms associated with hyperthyroidism. These 
include central nervous system hyperactivity, sweating, 
fever; dilation of blood vessels and increased rate and 
force of contraction of the heart. The knowledge of this 
established a rational plan for the use of beta-adrenergic 
blockade to alleviate the signs and symptoms of thyro- 
toxicosis. 

Propranolol, à beta-adrenergic blocking agent, was in- 
troduced by Black.!? Its effective usé in controlling 
liyperthyroid manifestations and crisis was subsequently 
established.?+%8 Vinik and coworkers? found that Pro- 
pranolol combined with iodine was an effective prepara- 
tion for hyperthyroid patients undergoing thyroidectomiy. 
In 1970, Pimstone and Joffe® reported the administration 


of Propranolol and iodine for 10 to 14 days was an ideal 
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From the Department of Surgery arid the 

Division of Endocrinology and Metabolic Diseases, 
Department of Medicine, Georgetown University 
Hospital, Washington, D. C. 


regimen to use in the preparation of their patients. They 
included in their studies several patients who were not 
benefited by- long-term iodine therapy and were treated 
by Propranolol for only 3 to 4 days preoperatively with- 
out any untoward effects during operation. These reports 
suggested that Propranolol could be the sole drug to use 
in the preparation of hyperthyroid patient undergoing 
thyroidectomy and that iodine was unnecessary. The uni- 
formly favorable response to Propranolol observed in 20 
patients is the subject of this report. 


Materials and Methods 


Twenty patients with classic clinical and laboratory 
findings of hyperthyroidism consented to participate in 
this study. There were 13 women and seven men. The 
average age was 32 with the youngest being 16 and the 
oldest 56 years of age. Twelve patients were Caucasians, 
six Negro and two Oriental. No patient had undergone 
previous thyroid operation. Each patient was admitted 
to Georgetown. University Hospital and observed for 
several days during diagnostic procedures. Vital signs 
were recorded frequently. Estimates of psychomotor ac- _ 
tivity, body warmth and perspiration were made. The 
presence or absence of eye signs were noted. Subjective 
evaluations were obtained regarding the patients state 
of inner agitation and sense of well being. Serum thy- 
roxine levels were measured by displacement analysis 
with a normal range for T4 (D) of 6. ae, pg. /1 







12.8 to greater than 25. Resin i h 
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(RT;U) was measured with a normal range of 26-35%. 
The T; uptake averaged 46.5% with a range of 26.9 to 
56.8% 131] thyroidal uptake were measured at 6 and/or 
24 hours after a 5-50 microcurie oral dose of I in the 
usual manner. The 6-hour average was 54.8% with a range 
of 35 to 86%. The 24-hour average was 64.2 with a range 
of 30 to 84%. Thyroid scans were done with 131I or 99 m 
Technetium. Eighteen of the scans showed diffuse hyper- 
thyroidism and two demonstrated nodules. Protein bound 
iodine determinations ranged from 8.4 to 25 ug/100 ml. 
with an average of 13.7 ug./100 ml. Plasma levels of Pro- 
pranolol were measured in four patients before and after 
operation. These levels ranged from 35 to 200 ng./ml.,, 
consistent with the development of beta adrenergic 
blockade.? These specimens were iced immediately and 
spun down in a refrigerated centrifuge. The plasma was 
then separated and frozen at —20 C until determinations 
were carried out. The method utilized for the measure- 
ment of Propranolol was a modification of Black’s et al.? 
developed in this laboratory. Propranolol was extracted 
into heptane-ethanol (99:1 v/v) from plasma, alka- 
linized with 0.1 N sodium hydroxide, The heptane ex- 
tract was then reextracted with 0.1 N hydrochloric acid 
and Propranolol in the acid phase quantitated by 
fluorometry. The coefficient of variability in this method 
is 4% at low levels and 8% at higher levels of Propranolol. 

No iodine or thionamides were used to prepare these 
patients. Nine patients had been treated previously with 
thionamides. However, none had been used in the 4 
months prior to the institution of Propranolol preopera- 
tively. 

Oral Propranolol was administered every 3-6 hours 
with a total daily dosage ranging from 40-720 mg. No 
patient was operated upon who had undergone less than 
4 days of treatmerit with Propranolol. The final preopera- 
tive dose was given orally, 1 or 2 hours before operation. 
No Propranolol was given or required during operation. 
Postoperatively the drug was reinstituted orally within 8 
hours except in two patients who, because of nausea and 
vomiting, required small amounts of intravenous Pro- 
pranolol. The drug was progressively decreased and then 
discontinued on the 4th to the 7th postoperative day. 

Standard anesthetic technics were used with the excep- 
tion that no atropine was given preoperatively. Induc- 
tion was carried out with pentothal. The maintenance 
anesthesia consisted of either methoxyflurane and nitrous 
oxide, nitrous oxide, curare and morphine, or halothane 
and nitrous oxide. 

Following operation frequent observations of the pa- 
tients’ vital signs and subjective symptoms were recorded. 
Serial determinations of thyroxine levels, 1°11 thyroidal 
uptakes and scans were measured in each patient on the 
third to the 11th postoperative day, and after 3 and 6 
months following operation. 
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Results 

Within the first day of preoperative Propranolol ther- 
apy all patients achieved a normal or near normal meta- 
bolic level, although the measurable thyroid function was 
not influenced. The I uptake, serum thyroxine level 
and protein bound iodine were not influenced by this 
drug despite the fact that all vital signs and symptoms 
consistent with metabolic stimulation were promptly 
abolishéd, Preoperatively there was no discernible: in- 
crease in the size of the thyroid gland. In a few patients 
a slight reduction in the size of the gland occurred with 
a decreased bruit and thrill. 

At the time of operation, the thyroid gland was re- 
sected without any technical difficulty, being less vascular 
and friable than in cases in which standard antithyroid 
drugs were employed preoperatively. Bilateral subtotal 
thyroidectomies were performed on all patients. Blood 
loss varied from 50 to 150 cc. There were no nerve in- 
juries or evidence of parathyroprevia in these patients. 

The postoperative disappearance time of elevated 
endogenous serum thyroxine was plotted as a semi- 
logarithmic function, revealing a half-disappearance time 
of 7.2 days. 

There were no significant anesthetic complications 
other than an occasional premature auricular contraction 
in some patients, and premature ventricular contractions 
in one patient. Three patients manifested bradycardia 
with halothane. All but one returned to a normal level 
when the amount of halothane was decreased: the re- 
maining patient required 0.4 mg. of atropine intra- 
muscularly. No variations in blood pressures were noted. 
There were no cases of overt thyroid storm in the peri- 
operative period. 

Postoperatively all patients remained in the hospital 
until Propranolol therapy was discontinued. This period 
varied from 4 to 7 days. At the cessation of medication, 
all patients maintained normal vital signs and were con- 
sidered euthyroid. Although no patients have manifested 
any evidence of recurrence, the time of follow-up is con- 
sidered too short to make a valid statement concerning 
this response. 


Discussion 
The echan by which beta-adrenergic blockade 
favorably modifies the clinical manifestations of thyroid 


hormone excess and the response to operation is net 
clear. So many of the signs and symptoms of thyro- 


toxicosis resemble the manifestations of catecholamine - 


excess that the iriterrelationships of the thyroid hormone 
and the sympathetic nervous system have been the sub- 
ject of investigation for many years. Reserpine and 
guanethidine cause depletion of body catecholamine 
stores and have been shown to improve the tremor, 
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sweating, palpitations, tachycardia and some of the eye 
signs of thyrotoxicosis. These drugs have therapeutic dis- 
advantages because of a delay in clinical improvement 
and associated side effects. Propranolol, an adrenergic 
blocking agent, seems to be at present the drug of choice 
in the short-term definitive surgical treatment of patients 
with thyrotoxicosis. 

Although one of the great advantages of Propranolol 
is its rapid action, it must be remembered that its effect 
following ingestion of the drug lasts only a matter of 
hours, thereby not affording the postoperative cushion to 
which we are accustomed with the use of thionamides 
and iodines. This became manifest when one patient, who 
was well-controlled prior to and during operation, inad- 
vertently did not receive postoperative Propranolol. 
Fifteen hours after operation tachycardia developed and 
2 hours later she manifested all signs and symptoms of 
approaching thyroid crisis. Five minutes after receiving 
1.0 mg. of intravenous Propranolol there was a definite 
decrease in psychomotor activity with a concomitant fall 
in the pulse rate to a normal level. Forty milligrams of 
the drug was given orally and repeated 2 hours later with 
complete and prompt correction of the abnormal vital 
signs. 

Atropine was not used as a preoperative medication 
to avoid tachycardia which may result from parasym- 
pathetic blockade in thyrotoxic patients. The use of the 
anesthetic agents, halothane and methoxyflurane, ob- 
viated the need for atropine since they do not stimulate 
tracheobronchial secretions, constrict bronchioles or cause 
laryngospasm. Both of these halogenated agents also aid 
in the control of the cardiac rate, halothane by a com- 
bined vagotonic effect and depression of sinoatrial and 
atrioventricular nodes, and methoxyflurane by a vago- 
tonic action. With this anesthetic technic, intramuscular 
atropine in doses of 0.4 to 1.0 mg. can be reserved for 
elective use during operation, to correct any significant 
bradycardia that may develop that has not responded to 
a decrease in the concentration of the halogenated agents. 

The amount of Propranolol to be given was largely 
determined by the clinical state and heart rate of each 
patient. The majority received 80 mg. every 6 hours or a 
total of 240 mg. per day. Two patients, not included in 
this series, could not be brought under control with Pro- 
pranolol although they received 120 mg. every 6 hours 
plus an IV injection of 10 mg. Although there was symp- 


. tomatic improvement, the pulse rate remained elevated. 


It was considered injudicious to operate on these patients 
at this time. Subsequently they were given large doses 
of thionamides in addition to Propranolol. Both under- 
went subtotal thyroidectomies a month after this treat- 
ment without any untoward operative or postoperative 
effects. The reason for the failure of Propranolol in these 
patients is unknown. 


PROPRANOLOL IN THYROTOXICOSIS 
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Propranolol does not affect thyroidal iodine accumula- 
tion. The data in this study and in an earlier report? 
demonstrates that serum thyroxine levels were un- 
changed by Propranolol. This afforded a unique op- 
portunity to record the rate of decline of elevated thy- 
roxine levels following subtotal thyroidectomy. Post- 
operatively there was a progressive downward trend, 
reaching a normal level about the seventh day in those 
who became euthyroid, while in those who subsequently 
became hypothyroid a further fall in the thyroid level 
occurred. This permitted us to identify with considerable 
accuracy those who would subsequently become hypo- 
thyroid. The endogenous thyroxine half disappearance 
time was 7.2 days in this group of 20 patients. The result 
is close to the 6.2 days reported by Sterling and Chodos,® 
as the biologic half life of ‘thyroxine in euthyroid 
individuals. It contrasts sharply with the T1/2 of 2.9 days 
for thyroxine in hyperthyroid patients reported by the 
same investigators, suggesting that Propranolol reduced 
the hypermetabolism if not the hyperthyroidism. 


Summary 


Propranolol is a valuable adjunct in the management 
of hyperthyroid patients. It allows the thyrotoxic patient 
to be prepared for operation more promptly than has 
heretofore been possible. It is the drug of choice in 
thyrotoxic patients who have proved to be intolerant or 
unresponsive to conventional antithyroid drug therapy. 
It does not interfere with the usual tests for hyper- 
throidism. It is the drug of choice for treatment and 
prevention of thyroid crisis. Since the drug is a beta- 
adrenergic blocking agent it does not decrease the cir- 
culating thyroxine. For this reason it should be continued 
for 4 to 7 days postoperatively. Iodine need not be com- 
bined with Propranolol in the preoperative preparation 
of the majority of thyrotoxic patients. While the number 
of patients in this report is small, the uniformity of 
responses is striking and so favorable that we have 
adopted the use of Propranolol as the drug of choice for 
the perioperative management of patients undergoing 
subtotal thyroidectomy in this institution. 
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DISCUSSION 


Dr. PauL C, Kiernan (Washington, D. C.): Washington, and 
Georgetown University, are greatly privileged to have Dr. Coffey 
as a surgeon. His many contributions are well known to all of 
you, In part, this is due to his ability to stimulate and work closely 
with such individuals in the Medical Department as Drs. Canary 
and Mackin. His work in acute hyperparathyroidism, tumors of 
the pancreas and adrenal, have been in part due to this close 
association. One other of his assets, which is apparent to you, is 
his ability to select and train such attractive and well-qualified 
surgeons as Dr. Lee. 

The lack of cushion and the quick ability to escape from the 
effect of Propranolol, I think, should not disturb us. Those of 
us who continue to be impressed with the efficacy of iodine in 
the preparation of patients with hyperthyroidism for surgery are 
pleased to have another agent which can so quickly prepare them. 

The speedy contro: of the hypermetabolism with Propranolol 
allowing subtotal thyroidectomy to affect the desired surgical re- 
mission of the hyperthyroidism ee great appeal. 

I would like to ask about one group of patients, the asthmatic, 
and the use of Propranolol. 


Dr. BENJAMIN F. Byrn, Jr. (Nashville): Dr. Coffey and Dr. 
Lee were kind enough to let me look over a copy of this paper, 
and there were two or three remarks that I thought the organiza- 
tion might benefit from in enlarging on their observations, and 
there are some questions I would like to ask—three questions and 
three observations, if I may. 

One of the most interesting things is the fact that there were 
failures of preparation with Propranolol; and they were able to 
recognize these failures in preparation and to avoid the hazard 
of operating on the unprepared patient. The ability is present 
with this method of preparation to rapidly reduce the patient to 
a euthyroid state to avoid the dreaded complication of thyroid 
crisis in the postoperative period and to manage crisis when it 
did occur in one patient in their series, because of failure to take 
the drug, I think that the problems of operation which can be 
avoided with this technic are really remarkable, 

I would like to ask them: Were their patients hospitalized 
throughout the entire administration of Propranolol? 

I would like to ask just a little further about the reduction of 
vascularity and friability of the gland which was observed in 
the operating room, and I would have thought that these physical 
characteristics of the gland would have been more difficult to 
alter than a rapid 5 to 7-day period, and it is astonishing that 
without added iodine this was changed favorably. 

Finally, do you expect any difference in the treatment of nodu- 
Jar and diffuse goiter? 

I think that with this rapid preparation we may expect that the 
benefits of surgical treatment will be returned to common use, in 
view of the multiple complications of medical therapy, which are 
well known to us all through past experience. 


Dr. Corin G. THomas, Jr. (Chapel Hill): I, too, wish to 
compliment the authors on a very carefully performed and 
superb study, with respect to the effect of Propranolol in thyro- 
toxicosis and the role of this drug in surgical treatment. 
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Although thyrotoxicosis is thought to be dependent upon in- 
creased levels of thyroxin and triiodothyromine, many of the 
effects appear to be the augmented physiologic effects of cathechol- 
amines. For example, the adrenergic receptors in the heart are 
strictly beta receptors. Thus the increased heart rate, cardiac out- 
put, and ventricular stroke work may be mediated by cathechol- 
amines rather than the direct action of thyroid hormones. 

It, thus, becomes logical to treat the symptoms of thyrotoxico- 
sis by agents which interfere with satechalam ines; namely, via 
beta adrenergic blockade. 

The authors have emphasized that, using this method, one must 
rely completely upon clinical criteria for adequacy of control. 
At the same time, we should all realize that this drug does com- 
promise normal homeostatic mechanisms. Those responses which 
may follow stress or shock may no longer appear. With the use 
of this drug we have to have careful monitoring, both in the 
pre- and postoperative period. Although intraoperative compli- 
cations are rare with surgical treatment, nevertheless, they do 
occur. 

For these reasons, we have elected to use the drug not as a sole 
means of preparation, but as an adjunct to standard methods of 
preparation with antithyroid drugs. It has been particularly useful 
in the following groups of patients: (1) the patients who have 
had toxic reactions to Tapazole or propylthiouracil; (2) those in- 
dividuals in whom large doses have been required to control the 
disease—for example, over 800 mg. of propylthiouracil; (3) pa- 
tients who are unreliable and uncooperative, and have not taken 
their antithyroid drugs. This is particularly true of some of the 
children; and (4) the pregnant patient, in whom doses of anti- 
thyroid drugs are undesirable because of their ability to cross the 
placental barrier and perhaps affect the fetus. 

Another indication which would certainly be reasonable would 
be the patient who was thyrotoxic and who required an unrelated 
operative procedure. It would seem to me this would be an ideal 
approach under these circumstances. 

For most surgeons, I believe a reasonable course of therapy 
would be to utilize this drug as an adjunct to present methods and 
allow individuals with the competence of the authors to continue 
their studies to identify the over-all usefulness of this drug in 
the management of patients with thyrotoxicosis. 

One of their points was the decreased cost of this approach. 
However, I note that the over-all length of hospitalization was 
approximately 11 to 12 davs, whereas with other means of prep- 
aration this is usually between 4 and 6 days. 

I have two questions: What would they consider the contra- 
indications to the use of the drug, other than those patients who 
do not respond? I have in mind in particular individuals who 
have thyrocardiac disease. Secondly, it seemed from their ob- 
servations that the incidence of hypothyroidism might be some 
what higher in this patient group. Have they compared their 
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incidence of hypothyroidism in patients treated this way with 


those managed by more standard methods of preparation? 


Dr. CuarLes Wray (Augusta): Dr. Thomas has reviewed the 
manner in which we have thought about the use of this drug. I 
would like to mention that we are indebted to Dr. Raymond Al- 
quist, who is Professor of Pharmacology at the Medical College of 
Georgia, for the development of the concepts of alpha and beta 
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receptors, and, consequently, all of us who were subjected to 
his mind have been very interested in these kinds of drugs. 

My own experience with the use of Propranolol in thyrotoxicosis 
has been limited to three cases. Two patients developed skin 
rashes, and one a decrease in white count in relatively usual doses 
of propylthiouracil: We had chosen to follow the outline of Piims- 
ton, and had treated these patients for 2 weeks preoperatively and 
2 weeks postoperatively with Propranolol and iodine. 

I had always been very interested in listening to surgeons dis- 
cuss the bleeding problems that are encountered during thyroid- 
ectomy. Since I have never seen a patient operated on who was 
completely unprepared, I have never been able to evaluate this, 
I suspect that perhaps these problems have been overemphasized, 
and our experience in recent years—in particular with these three 
patients—would indicate that patients can be prepared with 
Propranolol without bleeding, and Dr. Lee and Dr. Coffey have 
mentioned this. 

We too have been looking for patients, as Dr. Thomas men- 
tioned, who were in severe heart failure, and recently none have 
presented themselves. Our medical colleagues, however, are tak- 
ing the AI ac to control the patients’ symptoms quickly with 
the use of Propranolol. 

I would like to compliment the authors for their courage in 
using this technic. I would like to thank the society for this op- 
portunity to participate in the program and to enjoy this meeting. 


Dr. Roserr J. Correr (Closing): In response to Dr. Kier- 
nan’s question, we currently consider a history of asthma as a 
contraindication to the use of Propranolol. In two such cases the 
drug promptly provoked severe asthmatic symptoms. 

I might say at this point that Dr. Lee and I would like to 
recognize the original impetus that Dr. John Canary, who is 
Director of our Division of Endocrinology, and his associate, 
Dr. Mackin, have given to this study. Of course, it is an out- 
growth of their interest in the use of this drug in the thyrotoxic 
patient. 

Dr. Byrd raised the question as to whether these patients had 
been hospitalized during the entire period of treatment. I believe 
Dr. Lee mentioned that all were hospitalized preoperatively for 
about 5 days and postoperatively for 6 to 7 days. 

The consistency of the gland after Propranolol treatment was 
commented on by both Dr. Byrd and Dr. Wray. I have been im- 
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pressed in the cases that I have siete operated on that the 
gland was handled with no technical difficulty. There has been 
no problem with bleeding or with friability. We have employed 
the conventional subtotal thyroidectomy, and we encountered 
none of the difficulties that had been occasionally observed in 
the patient who had been prepared with propylthiouracil. 

Dr. Canary is of the opinion that there is no difference in the 
application of this therapy to the diffusely involved versus the 
nodular gland associated with thyrotoxicosis. 

I certainly enjoyed Dr. Thomas’ remarks. They were very 
pertinent. He obviously is very familiar with this drug, and has 
brought out some very interesting points. I think that the question 
of the thyrocardiac is an interesting one. Our endocrinologists do 
not feel that this poses any contraindication to the use of Pro- 
pranolol unless evidence of heart failure exists. 

Of course, this series is too small, and the follow-up too short, 
to make any comments about the ultimate incidence of hypo- 
thyroidism; however, I would expect that it would not be ma- 
terially influenced by the Propranclal therapy. 

In closing, I would like to make several observations. First, 
this is strictly a preliminary report. We are making no sweeping 
recommendations for its general use. We are going to continue 
our studies in the hope of more clearly delineating the limita- 
tions of this drug, its applications, and possibly its dangers. 

We are prompted to report these early experiences because it 
is evident at this time that there are several very clearcut and 
useful indications for this therapy. 

In the first place, I think the patient who has manifested an 
intolerance or refractoriness to the conventional antithyroid drug 
therapy should be prepared for operation in this manner. 

Secondly, I think if a patient who is thyrotoxic requires control 
of the thyrotoxicosis quickly, rapidly, and faster than propyl- 
thiouracil or other therapy would permit, this is the preferred 
method. This situation might arise dlinically either in the patient 
who is being prepared for thyroidectomy or perhaps in the thyro- 
toxic patient who requires operation for another condition or is 
being exposed to some other stressful experience. 

Finally, in the patient who develops either threatened or real 
postoperative thyroid storm, the symptoms can be controlled by 
appropriate Propranolol therapy in a matter of 30 minutes to 1 
hour. This, I think, is one of the most valuable uses of Pro- 
pranolol. 
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S (5-hydroxytryptamine, 5-HT) produces 
acute gastric ulcerations in rats, presumably due to 
intense vasoconstriction, which results in areas of focal 
ischemia.’ In ischemic mucosa, cellular hypoxia occurs® 
causing the release of potent lysosomal enzymes which 
have recently been implicated in the pathogenesis of 
stress-induced gastric ulceration.» Serotonin-induced 
ulcerations are indistinguishable from restraint-induced 
stress ulcerations in the rat,'! and it has been proposed 
that endogenous serotonin may be a mediating humoral 
factor in the production of stress ulcers. Moreover, a 
precursor of serotonin, 5-hydroxytryptophan, has been 
shown to disrupt the gastric mucosal barrier resulting in 
back diffusion of hydrogen ion.?° 

Prostaglandin E, (PGE; ), one of a group of 20-carbon 
unsaturated fatty acids, has several known actions that 
may modify acute gastric stress ulcerations.1#-1%:18.10 
These actions include smooth muscle stimulation, vaso- 
dilatation, inhibition of platelet aggregation, depression 
of gastric acid secretion, and stabilization of lysosomal 
membranes preventing lysosomal enzyme release. 

The purposes of the present study were to: 1) correlate 
lysosomal enzyme (cathepsin D) release in rat gastric 
mucosa with ulcerations induced by serotonin, 2) de- 
termine the effects of PGE, upon gastric cathepsin D 
release and serotonin-induced ulcers, and 3) demonstrate 
direct damaging cellular effects of lysosomal enzymes. 
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Materials and Methods 


White, male, Sprague-Dawley rats weighing 180-200 
Gm. were fasted overnight and randomly divided into 
four groups. Group I rats received PGE, only. Group IJ 
rats received PGE, and serotonin. Group III rats were 
given serotonin and PGE, diluent. Group IV rats re- 
ceived serotonin diluent only. In Groups I and II prosta- 
glandin E, (PGE, Upjohn Company) 75 y»g./Kg. was 
injected subcutaneously at times 0, % hour, 2% hours, and 
4% hours. In Groups IJ and II serotonin (Sigma Chem- 
ical Company) was given 60 mg./Kg. intraperitoneally 
(IP) at % hour, and 30 mg./Kg. after 3% hours. Prosta- 
glandin diluent consisted of 2.5 x 10 ml. of 95% ethanol 
and 2.25 x 10°? ml. of 0.002 M NaCO; diluted in nor- 
mal saline to a volume of 0.6 ml. The serotonin diluent 
was saline and was injected IP in the same volume as 
serotonin. All rats were kept at a room temperature 
ranging between 20°-22° C, 

After 6% hours each rat was anesthetized with ether, 
the abdomen opened, 4 ml. of blood was aspirated from 
the abdominal aorta into a heparinized syringe and im- 
mediately cooled on ice and centrifuged. The plasma 
was removed and refrigerated for later determination of 
protein concentration and cathepsin D activity (an acid 
protease found only within lysosomes). The stomach was 


rapidly excised, opened and washed in 0.25 M iced ` 


sucrose, and examined. All grossly visible ulcer craters 
were counted. More detailed measurements were not 
permitted because of the necessity to process the stom- 


achs rapidly. Animals were weighed and sacrificed with eu, 


an overdose of ether. 
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The excised stomachs were homogenized in 15 ml. of 
fresh, iced 0.25 M sucrose for 20 seconds at low speed 
in a Waring microblender, and the suspension was cen- 
trifuged at 2,000 RPM for 30 minutes to remove gross 
debris, cells and nuclear fragments. The supernatant was 
decanted and centrifuged at 11,500 RPM at 4° C for 20 
minutes in a Sorvall RC2-B. The resulting pellet con- 
taining intact lysosomes was resuspended in 5 cc. of 
0.1% Triton X-100 detergent and kept at 25° C for 30 
minutes for complete disruption of these subcellular 
particles. A final centrifugation was performed at 11,500 
RPM at 4° C for 20 minutes and the supernatant con- 
taining enzymes from disrupted lysosomes was stored 
on ice pending analysis for protein concentration and 
cathepsin D activity. 


Chemical Determinations 


pH determinations on gastric washings were made 
using a Beckman Model G pH meter. Protein in the 
gastric lysosomal fractions was measured by the method 
of Lowry et al.!° using crystalline bovine serum albumin 
as a standard. Relative cathepsin D was determined using 
the method of Anson! with hemoglobin as substrate and 
expressed as mEq. of tyrosine liberated per milliliter per 
hour at 37° C. Specific cathepsin D activity was calcu- 
lated by dividing relative cathepsin D activity by pro- 
tein concentration. Units were expressed as mEq, tyro- 
sine liberated per milligrani protein per hour at 37° C 


Determination of Lysosomal Fragility 


To determine the effects of PGE, on the stability of 
gastric lysosomes, lysosomes were treated in vitro and 
in vivo with PGE, and their stability was compared with 
diluent-treated controls. 

In vivo: Rats were given the same dosage of PGE, as 
in Group I and were killed after 6% hours and their 
stomachs were removed as previously described. Control 
rats received only diluent. Individual, stomachs were 
homogenized with 15 ml. of fresh, cold 0.25 M sticrose 
in a Thomas tissue gritder. Homogenization was per- 
formed for 90 seconds with one, up-and-down motion 
every 10 seconds. The piston cylinder was immersed in 
an ice water bath to prevent warming of the homogenate. 
Centrifugation was performed as previously described 
to the point of obtaining a pellet containing intact lyso- 
somes. The pellet was resuspended in 9 ml. of fresh, cold 
9.25 M sucrose and divided into 3 ml. aliquots designated 
0, 20, arid 60 minutes. The 0 aliquot was centrifuged im- 
mediately at 11,500 RPM at 4° C for 20 minutes and the 
supernatant refrigerated pending analysis. The 20-minute 
and 60-minute aliquots were incubated at 37° C for 20 
and 60 minutes respectively in a thermostatically con- 
trolled agitator and were also centrifuged at 11,500 RPM 
at 4° C for 20 minutes immediately following incubation. 
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Cathepsin D release from gastric lysosomes caused by 
heat and agitatiori was measured at three time intervals 
and the amount of cathepsin D release was considered to 
be inversely related to the stability of the lysosomal 
membranes. Maximum cathepsin D release was found 
in the 60-minute sample of the control group (diluent 
treated rats), and all other values were compared to this 
sample to determine percentage maximum release. 

In vitro: Untreated rats were sacrificed using an over- 
dose of ether and their stomiachs removed as previously 
described. Homogenization of stomachs and processing 
was performed as in the in vivo group. The lysosomal 
pellet in this experiment was resuspended in 9 ml. of 0.25 
M iced sucrose containing 300 y»g./]l. PGE,. Controls 
were run using sucrose coritaining only diluent. Further 
processing was identical to the in vivo group. 

Another group of lysosomal pellets from rat stomachs 
was treated iri vitro identically to the above except 9 ml. 
of iced 0.25 M sucrose containing 60 mg. serotonin/liter 
sucrose was added at the time of pellet resuspension to 
determine if serotonin had direct effects on lysosomes. 
Controls were run using 9 ml. of 0.25 M sucrose for 
resuspension, 


Erythrocyte Lysis by Lysosomal Enzymes 


A concentrated solution of free (soluble) lysosomal 
enzymes was prepared by lysing subcellular pellets pre- 
pared from dog livers in a Waring blender for 3 minutes 
at high speed using cold 0.9% saline in a small volume to 
obtain high cathepsin D activity. In this manner a saline 
solution of enzymes was prepared containing 650 units 
of cathepsin D activity/ml. This solution was further 
diluted so that four saline solutions contained 15, 30, 60, 
and 120 units of cathepsin D activity/ml. in final volume 
when 6 ml. of the enzyme solutions were mixed with 5 
ml. of packed, washed dog erythrocytes. A solution of 
albumin in saline with a protein concentration compar- 
able to that of the highest enzyme solution was also 
incubated with erythrocytes to serve as a control, These 
solutions of erythrocytes and lysosomal enzymes in saline 
were incubated at 37° C for 2 hours and then centri- 
fuged. Hemoglobin concentrations (mg./100 ml.) were 
determined in the supernatants as an index of erythrocyte 
lysis. 

Statistical Analysis 

All data are expressed, where appropriate, as the mean 

plus or minus the standard error of the mean (x + SEM). 


Statistical significance was tested for by the unpaired 
Student’s t-test. 


Results 
Gastric Ulceration 


Serotonin-treated Group HI animals had 2.8 + 0.8 
ulcers per stomach compared to 0.7 + 0.3 ulcers per 
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stomach in Group II animals which received both sero- 
tonin and prostaglandin E, (p < 0.02) (Fig. 1). PGE, 
alone (Group I) and serotonin diluent (Group IV) alone 
did not cause gastric ulcerations. 


Gastric Lysosomal Enzyme 

Stomachs of rats which had received serotonin plus 
PGE, (Group II) had a higher level of cathepsin D 
(the measured bound lysosomal enzyme content) at 
sacrifice than did stomachs of rats receiving serotonin 
only (Group III) (Fig. 2) (17.4 + 1.1 units/mg. protein 
vs. 13.4 + 0.6 units/mg. protein, p < 0.005). Group I 
stomachs (PGE, only) contained significantly more 
cathepsin D activity (26.1 + 2.4 units/mg. protein) than 
either Groups II or III (p < 0.005). Group IV stomachs 
(diluent only ) were not significantly different (24.0 + 1.6 
units/mg. protein) from Group I. 


Plasma Cathepsin D 


Plasma cathepsin D activities in the four groups of rats 
are shown in Figure 3. PGE; significantly lowered plasma 


cathepsin D activity comparéd to the diluent-treated | 


control animals, 3.9 + 0.5 units/ml. vs. 5.6 + 0.3 units/ 
ml. (p. < 0.01). In the serotonin-treated rats (Group 
III), plasma cathepsin D was markedly elevated (10.0 + 


Number of ulcers/stomach 


Serotonin Serotonin 
plus plus 
Diluent Prostaglandin E, 


Fic. 1. Bar graph showing mean number of grossly visible ulcer- 
tions per rat stomach in two groups of rats receiving serotonin 
intraperitoneally. One group received, in addition, the PGE: 
diluent and the second group received PGE;. The brackets repre- 
sent + SEM and. the numbers at the base of the bars in paren- 
theses represent the number of animals in each group. 
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Fic. 2. Bar graph representing mean lysosomal cathespin D activi- 
ties remaining in the gastric mucosa of rats which had been 
given serotonin and/or PGE, and/or their respective diluents. 
These determinations were made 6% hours after the onset of treat- 
ment. The brackets represent + SEM and the numbers in paren- 
theses represent the number of animals in each group. N.S. = not 
significant. Cathepsin D units = mEq. tyrosine liberated/hour at 
37° C x 10-4, 


1.4 units/ml. ). PGE, did not prevent the rise in cathepsin 
D activity in Group IT rats. 

In an attempt to determine when plasma activities of 
cathepsin D became elevated, additional experiments 
were performed. Four rats were injected with serotonin 
(IP 30 mg./Kg.) and were sacrificed 1 hour later. Five 
rats were given serotonin (IP 30 mg./Kg.) and 3 hours 
later they received a second injection of 10 mg./Kg. 
serotonin. These five rats were sacrificed at 6 hours. Six 
additional rats were untreated and served as controls. 
Figure 4 shows the plasma cathepsin D activities for 
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Fic. 3. Bar graph depicting mean plasma cathepsin D activities/ 
ml, found in heparinized aortic blood samples at the termination 
of the experiment (6% hours) for the four groups of animals. The 
brackets indicate + SEM and the numbers in parentheses indicate 
the number of animals in each group. Cathepsin D units = mEq. 
tyrosine liberated/hour at 37° C x 10-4. N.S. = not significant. 
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Fic. 4. Bar graph showing mean plasma cathepsin D activities of 
three groups of rats given serotonin IP as described in the text 
and sacrified at 1 or 6 hours. The control group received saline 
(diluent) only and were sacrified after 6 hours. 


these three groups of rats. Serotonin induced a marked 
early rise in plasma cathepsin D activity at 1 hour 
which, despite further administration of serotonin at 3 
hours, declined toward control values within 6 hours. 
Jn all experiments, a few minutes after giving serotonin 
the animals became markedly cyanotic, became prostrate 
and had difficulty breathing. These signs began to sub- 
side within 2 hours, although the animals remained 
somewhat lethargic. The administration of PGE, did not 
modify these reactions to serotonin. Four of 45 serotonin- 
treated animals died during the 6-hour period of study. 


Gastric Washings (Table 1) 


Although few individual measurements were made, 
PGE, appeared to inhibit gastric secretion as evidenced 
by the higher pH of the gastric washings of Group I 
rats (4.2) versus Group IV rats (3.6). Serotonin treat- 
ment and serotonin plus PGE, treatment resulted in 
higher gastric pHs. There was little difference in 
cathepsin D activities and protein content found in the 
-gastric washings in the four groups. 


Lysosomal Stability 


Lysosomal stability to a challenge of heat and agitation 
in 0.25 M sucrose was found to be enhanced by PGE, 
when administered to intact animals in vivo or when 
administered directly to suspensions of gastric lysosomes 
in vitro, (Fig. 5, A & B). This lysosomal membrane pro- 
tection by PGE; was manifest at all three time intervals 
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TABLE 1. Gastric Washing* 


Relative 

pH Protein** Cathepsin DT 
Group I 4.2 0.50 273.7 
Prostaglandin E: (1) (1) (1) 
Group H So 010 “0.53 6°01. 215.0 Æ 25.2 
Prostaglandin E: (3) (3) (3) 

plus Serotonin 

Group III. 5.1 + 0.8 0.62 + 0.1 213.4 4+ 23.3 
Serotonin (3) (3) (3) 
Group IV 3.6 0.52 207.4 
Normal Saline (1) (1) (1) 


* Stomachs excised, opened, rinsed in 0.25 M sucrose (4° C), 
4 cc. sucrose per stomach. Six rat stomachs were grouped to- 
gether for each determination. Number in parentheses = 
number of observations. 

** mg./ml, 
t mEq. Tyrosine liberated/hr./ml. at 37° C X 1074. 


(0, 20, 60 minutes) in both preparations. Serotonin treat- 


ment of gastric lysosomes in vitro revealed no direct 
effect upon lysosomal stability. 


Erythrocyte Lysis by Lysosomal Enzymes 


Figure 6 illustrates the results of incubation of varied 
concentrations of lysosomal enzyme extracts with dog 
erythrocytes. There was a linear relationship between 
the cathepsin D activity (as a marker) in the lysosomal 
extract and the amount of hemoglobin released, indicat- 
ing that the enzymes lysed erythrocytes, presumably by 
direct hydrolytic action on the cell membrane. : 
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Fic. 5. Left. In vivo fragility curve showing the effects of admin- 
istration of prostaglandin E, (PGE,) subcutaneously to rats. Ly- 
sosomal enzyme pellets prepared from their stomachs were incu- 
bated for 0, 20, and 60 minutes at 37° C in 0.25 M sucrose, 
recentrifuged, and ase or D activity was measured. 

Right. In vitro fragility curve showing the effects of PGE, 
added directly to lysosomal enzyme pellets prepared from normal 
rat stomachs incubated for 0, 20, and 60 minutes at 37° C in 
0.25 M sucrose. | 
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Fic. 6. Graph illustrating the results of incubation of varied con- 
centrations of lysosomal enzyme extracts (15, 30, 60 and 120 
units of cathepsin D activity/ml.) with dog erythrocytes. A linear 
relationship between the cathepsin D activity in the lysosomal 
extract and the amount of hemoglobin released (mg./100 ml.) 
was found. 


Discussion 


Cellular hypoxia causes release of lysosomal enzymes 
into cells and surrounding extracellular spaces where they 
may cause damage.”-*%9 Lysosomal enzymes are trans- 
ported by the lymphatics to the systemic circulation. 
Poste! reported digestion of the cell wall by lysosomal 
enzymes released from dog kidney cells, and lysosomal 
glycosidases have been shown by DeDuve* to digest 
polysaccharides and mucopolysaccharides which are 
components of gastric mucus. The lysis of erythrocytes 
in vitro caused by high concentrations of lysosomal en- 
zymes in the present experiments, and the apparent 
correlation of the degree of red cell lysis and actual 
concentration of cathepsin D indicates that lysosomal 
enzymes caused direct cellular damage. Increased plasma 
activities of lysosomal enzymes have been reported in 
traumatic, hemorrhagic and endotoxin shock®®13 and it 
has been postulated that these enzymes may contribute 
to tissue damage in circulatory shock. In a previous study 
from this laboratory, concentrated extracts of lysosomal 
enzymes prepared from dog livers were infused into dogs 
with and without reticuloendothelial system exclusion.’ 
In intact dogs, infusion of enzymes caused a transient 
230% peak rise in plasma cathepsin D activity, a marked 
depression in mean arterial blood pressure, cardiac out- 
put, and superior mesenteric artery blood flow. Mean 
arterial blood pressure returned to normal levels within 
an hour, but cardiac output and superior mesenteric ar- 
tery flow remained depressed. In dogs with surgical 
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reticuloendothelial exclusion, infusion of lysosomal en- 
zymes resulted in a sustained rise (400% peak) in plasma 
cathepsin D activity, and a prolonged depression in mean 
arterial blood pressure, cardiac output and superior 
mesenteric artery flow. These results have suggested that 
marked elevations of plasma lysosomal enzymes may 
cause cardiovascular depression and that the reticulo- 
endothelial system may be important in clearing these 
enzymes. Similar infusions of lysosomal enzymes have 
caused irreversible increases in vascular resistance in the 
isolated, perfused cat pancreas® and the isolated, per- 
fused, canine kidney.” 

Exogenous serotonin is believed to cause acute gastric 
ulcerations by intense vasoconstriction with resultant 
areas of ischemia and hypoxia in gastric mucosa. A pre- 
cursor of serotonin, 5-hydroxytryptophan (5-HTP) has 
also been shown to disrupt the gastric mucosal barrier in 
dogs.?° Endogenous stores of serotonin within the Argen- 
taffin cells found in the gastrointestinal tract may be 
released during stress, such as that found in restrained 
rats, to cause gastric stress ulcerations. 

If serotonin causes gastric ulceration by inducing 
hypoxia in the gastric mucosa leading to release of lyso- 
somal enzymes that may play a role in ulcer formation, 
an agent which has lysosomal membrane stabilizing ef- 
fects might protect against ulcer formation. Prostaglandin 
FE, (PGE,) has been reported by Weissmann to inhibit 
release of lysosomal enzymes from human polymorpho- 
nuclear leukocytes.18 Raflo et al.1? have demonstrated 
both in vivo and in vitro stabilization of hepatic lyso- 
somes by PGE; in endotoxin shock in dogs. PGE; also 
significantly increased survival time in endotoxin shock. 
In the present study, serotonin caused a significant de- 
crease in lysosomally bound cathepsin D in gastric mu- 
cosa while PGE, administration with serotonin caused 
significant, but not complete prevention of release of the 
lysosomal enzyme cathepsin D. Plasma activities of this 
acid protease became elevated as cathepsin D was lost 
from gastric mucosa. PGE; alone significantly lowered 
plasma enzyme levels below that of untreated rats while 
serotonin significantly increased these cathepsin D activi- 
ties. The administration of PGE, with serotonin did not 
prevent a rise in plasma cathepsin D activity. 

There was an inverse correlation between the lyso- 
somal cathepsin D activity remaining in the gastric 
mucosa and the number of ulcers found in each group, 
suggesting that 1) serotonin caused release of gastric 
Jysosomal enzymes during ulcer formation, and 2) PGE, 
partially prevented enzyme release while protecting from 
ulcer formation. Thus, released lysosomal enzymes may 
have played a role in-ulcer formation, and PGE, may 
have protected from ulcer formation by inhibiting en- 
zyme release. 

In another study from this laboratory, stress-induced 
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gastric ulcerations in the rat were accompanied by a 
reduction of the lysosomal enzyme cathepsin D from the 
gastric mucosa.” The glucocorticoid, methylprednisolone, 
an agent known to stabilize lysosomal membranes, sig- 
nificantly reduced the number of gastric ulcerations and 
prevented cathepsin D release from the gastric mucosa. 
Methylprednisolone also prevented the release of ca- 
thepsin D from lysosomal suspensions in vitro. The results 
implicated lysosomal enzymes in the pathogenesis of 
stress ulcerations. | 

Prostaglandin E; has other actions which may protect 
against ulcer formation. Robert et al. reported a de- 
crease in number and severity of Shay gastric ulcers 
(pylorus ligation) in the rat given PGE,. Moreover, they 
showed that PGE, inhibited the volume of gastric secre- 


_ tion and the amount of hydrochloric acid and pepsin 


` 


output. These authors proposed that PGE, may inter- 
fere with cyclic adenosine monophosphate (AMP) for- 
mation in the stomach. Although PGE, given systemically 
causes vasodilation,’? Wilson and Levine reported de- 
creased gastric mucosal blood flow in the dog after PGE, 
using aminopyrine clearance technics.’® PGE,, by inhibi- 
tion of platelet aggregation, may also alter mucosal per- 
fusion. In the present study, both serotonin and PGE; 
caused an increased pH of gastric washings, but it was 
not determined whether this was due to less acid pro- 
duction or due to back diffusion of hydrogen ion. 

In the present study, PGE, demonstrated direct stabi- 
lizing effects upon the lysosomal membrane. Both in vivo 
administration of PGE, to intact rats and in vitro admin- 
istration of PGE, to lysosomal suspensions of gastric 
mucosa in sucrose caused the lysosomal suspensions to 
be more resistant to release of cathepsin D by heat and 
agitation. This suggests that gastric mucosal cells may 
take up PGE, which acts directly on the lysosomal mem- 
brane to increase stability. 

PGE, may also mediate its lysosomal stabilizing effects 
in intact cells through interaction with cyclic AMP. 
Scott reported PGE, increased the activity of adenyl 
cyclase and thereby increased cyclic AMP levels in hu- 
man leukocytes, platelets, and liver cells.1 In this regard, 
Weissmann et al. demonstrated inhibition of particle 
uptake and lysosomal enzyme release by cyclic AMP in 
human leukocytes and these effects were potentiated by 
PGE, 


Conclusions 


PGE, significantly reduced the number of serotonin- 
induced gastric ulcers in the rat, and partially prevented 
the release of the lysosomal enzyme cathepsin D from 
the gastric mucosa. The data indicated that PGE, di- 
rectly stabilized lysosomal membranes in gastric mucosa 
in vivo and in vitro. Erythrocytes exposed to varied con- 
centrations of lysosomal enzymes liberated hemoglobin in 
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direct relation to the activity of cathepsin D, suggesting 
direct cellular damage. Thus, lysosomal enzymes may 
play a role in the pathogenesis of serotonin-induced 
ulcerations. 
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Discussion 


Dr. GEORGE JoHNsoN, JR. (Chapel Hill): The lack of an ab-. 


stract, I think, may have deterred discussion of this very timely 
and in depth paper. I feel its contents are too important to pass 
without some paa of discussion. 

This paper represents another in a series of publications from 
Dr. Wangensteen’s laboratory which give us some insight into the 
physiology and biochemistry of the effects of the lysosomal en- 
zymes. We are indebted to him for bringing to this society some 
sound, basic research that has significant clinical relevance. 

As many of you know, lysosomal enzymes are extremely im- 
portant, not only from the self-destruction of the cell, but also 
cells at other areas and cellular membranes in other areas of the 
body. We have become interested in these enzymes by the stimu- 
lus of one of Dr. Wangensteen’s residents at the University of 
North Carolina. Our investigative work has centered on the 
effects of lyosomal enzymes on red cell metabolism. 

We have substantiated the effects on red cell hemolysis that he 
has demonstrated, and have found some effects on red cell electro- 
lytes to be reported. 
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20. Wise, L., Ashford, L. and Ballinger, W. F.: The Effect of 
Serotonin on the Gastric Mucosal Barrier. Surg. Forum, 
22:321, 1971. 


Although he alluded to steroids in comparing the effects of 
steroids to prostaglandin E:, I would like to ask him specifically: 
What is the difference in the protective effects of prostaglandin 
E, and the steroids that he may or may not have studied? Are 
they similar in the way they protect the lysosomal membrane 
from destruction? 


Dr. STEPHEN L. WANGENSTEEN (Closing): Steroids and the 
prostaglandins have varied actions, and clearly their actions are 
not limited to the lysosomes and their stabilization. Therefore, 
we have to be very careful in the interpretation of our results 
about tunnel vision. Thus far, our investigative technics, although 
they are somewhat complicated, from the biochemist’s point of 
view they are relatively crude. 

Until recently we have demonstrated indirect, passive relation- 
ships between release of lysosomal enzymes and damage, or in 
shock, hemorrhagic shock, and stress ulceration. In the future we 
hope to collect data to demonstrate these direct, causally related 
effects between elevated levels of lysosomal enzymes and damaging 
effects in experimental models. 
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Management of Postoperative Alkaline Reflux Gastritis 


VARIETY of undesirable sequelae are known to de- 
A velop following technically satisfactory operations 
on the stomach for peptic ulcer disease, These sequelae 
include diarrhea, afferent loop and stomal dysfunction, 
the dumping syndrome and nutritional disturbances. 
Equally important is bilious vomiting which may follow 
any operative procedure which allows free entry of 
duodenal contents into the stomach. Minor degrees of 
bilious regurgitation can often be modified by dietary 
measures; however, constant reflux of bile and pan- 
creatic juice may produce severe and disabling gastritis. 
Such symptoms may cause incapacitation and are poorly 
controlled by dietary or other medical measures, The 
present report outlines the authors’ experiences with 11 
patients who underwent surgical correction for severe 
alkaline reflux gastritis secondary to previous gastric 
surgery. 

Clinical Material 


During a 10-year period 11 patients who had all the 
signs and symptoms of alkaline reflux gastritis underwent 
exploratory operation (Table 1). There were five men 
and six women whose ages ranged from 42 to 61 years. 
Three patients developed symptoms after vagotomy and 
pyloroplasty, four after gastroduodenostomy, the re- 
maining four had undergone Billroth II gastrojejunos- 
tomy. Complaints began 1 month to 13 years after either 
gastric resection or pyloroplasty. All of these individuals 
demonstrated a similar clinical picture, Characteristic 

“symptoms included persistent and severe midepigastric 
or low substernal burning pain generally aggravated by 
eating or the ingestion of alkalis or milk products. This 
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pain was associated with nausea, post-prandial bilious 
vomiting, and weight loss. None of these patients com- 
plained of diarrhea or vasomotor symptoms traditionally 
associated with post-vagotomy diarrhea, intermittent 
afferent loop obstruction or dumping syndrome. Upper 
gastrointestinal roentgenograms failed to demonstrate 
either obstruction or rapid transit time and often showed 
good filling and emptying of both afferent and efferent 
loops when present. None of the patients were found to 
have guaiac positive stools, while only two individuals 
had the characteristic red cell morphology of a hypo- 
chromic microcytic anemia on peripheral smear. Gastric 
secretory studies showed an alkaline basal pH (mean 
7.2) with either histamine-resistant hypo- or achlorhydria. 
Completeness of vagotomy was confirmed by the Hol- 
lander test. 

Gastroscopy with biopsy was the single most important 
diagnostic study performed. Gross endoscopic appear- 
ance was characterized by a reddened, edematous, granu- 
lar and friable appearing gastric mucosa often containing 
punctate or linear erosions. Ample reflux of bile into the 
stomach, often up into the esophagus, with green colored 
mucus lakes was a virtually constant feature. Endoscopy 
was also important in eliminating other entities such 
as marginal ulceration, stomal, afferent and efferent loop 
obstruction. In all cases the histologic features of a severe 
atrophic gastritis were found (Fig. 1). Other microscopic 
findings included mucosal atrophy, foci of superficial 
mucosal inflammation, ulceration, submucosal hemor- 
rhage and edema, In addition, biopsies in three cases 
showed isolated areas of epithelial proliferation and 
metaplasia. 
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TABLE 1. 
Time Interval 
Age& Underlying Original Prior to 
Patient Sex Disease Operation Symptoms 
P.T. 50F Perforated Vagotomy, py- 9 yrs. 
ulcer loroplasty, 
closure of per- 
foration 
M.L. 49M Bleeding Vagotomy 3 yrs. 5 mo. 
duodenal ulcer Pyloroplasty 
Suture ligation 
J.B. 47F Hiatal hernia Fundoplication Í yr. 4 mo. 
High acids Vagotomy 
Pyloroplasty 
M.G. 61M _ Gastric ulcer Vagotomy 8 yrs. 
Antrectomy 
Billroth I 
A.J SSM Gastric & Antrectomy 4 mos. 
Pyloric ulcer Billroth I 
C.N. 60F Gastric ulcer Vagotomy 2 yrs. 
Antrectomy 
Billroth I 
A.S. 59F Gastric ulcer Vagotomy 18 mo. 
Antrectomy 
Billroth I 
J.U. 42M _ Perforated Vagotomy, 70% 13 mo. 
duodenal gastric resection 
ulcer Billroth II 
C.D. 52F Bleeding 70% gastric 1 mo. 
duodenal ulcer resection 
Billroth II 
C.B. 53 F Duodenal ulcer Vagotomy 70% 13 yrs. 
gastric resection 
Billroth IT 
S.D. 47M Duodenal ulcer Vagotomy 70% 10 yrs. 


resection 
Billroth II 


Two patients underwent antacid therapy with no relief 
of symptoms. Three others were given Cholestyramine, 
a basic anion exchange resin which binds bile salts in the 
intestine thereby removing them from the enterohepatic 
` circulation. Of the latter, two had no symptomatic re- 
sponse although the course of treatment was short; a 
third patient (J. B.) had some symptomatic relief with 
weight gain and gastric mucosal improvement after 
taking Cholestyramine (4 Gm. t.i.d.) for 6 months. 

In three individuals who had undergone a previous 
vagotomy and pyloroplasty, reoperation consisted of 
hemigastrectomy with a precolic Roux-en-Y gastroje- 
junostomy (Fig. 2). The afferent limb was implanted 40 
cm. distal to the gastrojejunostomy. In four patients with 
previous gastroduodenostomy, the Billroth I anastomosis 
was disassembled, the duodenum was closed and a 
Roux-en-Y anastomosis was established. The remaining 
four patients had undergone previous Billroth II sub- 
total gastrectomy. One patient (J. U.) underwent con- 
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Summary of 11 Patients with Alkaline Reflux Gastritis 


Weight Weight 
Loss Anti-reflux Gain 
(pounds) Operation (pounds) Comments Follow-up 
26 Hemigastrectomy 19 7 yr. 6 mo. 
Roux-Y 
28 Hemigastrectomy 36 Antacids with- 5 yr. 6 mo. 


Roux-Y out relief 


32 Hemigastrectomy 21 Temporary relief 2 yrs. 


Roux-Y on cholestyramine 

59 Roux-Y limb 34 Pulmonary em- 6 yrs. 

bolus, post- 
operatively 

21 Roux-Y limb 24 Previous trans- 3 yr. 9 mo. 
thoracic vago- 
tomy without 
relief 

55 Roux-Y limb 43 8 yrs. 

36 Roux-Y limb 29 7 yrs. 

54 Roux-Y limb 19 Anemic, antacids 8 yr. 6 mo. 
without relief, 
Previous conver- 
sion to Billroth 
I without relief 

20 Roux-Y limb 30 Vagotomy for 2 yr. 9 mo. 
marginal ulcer 
Cholestyramine 
without relief 

? Roux-Y limb ? Cholestyramine 1 yr. 

without relief 

42 Modified Tanner 39 3 yr. 8 mo. 


Roux-Y 


version to a Billroth I gastrectomy. He returned 7% 
months later with intractable bilious vomiting and a 
Roux-en-Y anastomosis was constructed. A second in- 
dividual (C. D.) underwent vagotomy for a marginal 
ulcer which subsequently healed. However, 2 years later 
he was seen again and the diagnosis of alkaline reflux 
gastritis was made by endoscopy. After a brief trial of 
Cholestyramine a Roux-en-Y limb was constructed. The 
remaining two patients had Roux-en-Y gastrojejunosto- 
mies 10 and 13 years after the previous gastric operation. 
One (S. D.) had conversion to a Y anastomosis with a 
modified jejunostomy as suggested by Tanner’? (Fig. 3).° 

There were no deaths, Following operation, one pa- 
tient developed a pulmonary embolus which successfully 
responded to medical management. A second patient 
required reoperation 3 months later because of partial 
obstruction of the Roux-en-Y limb from adhesions. 
Follow-up has ranged from one to 8% years. All of the 
patients have had dramatic relief of symptoms with a 
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Fic. 1. Photomicrograph of gastric biopsy in a patient with alka- 
line reflux and AR gastritis. Microscopic features include 
focal mucosal atrophy, lengthened gastric pits and submucosal 
edema with intense lymphocyte infiltration. Hematoxylin and eosin 
x50. 
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% 
Fic. 2. Diagrammatic 
representation of the au- 
thor’s technique of pre- 
colic Roux-en-Y limb gas- 
trojejunostomy. 
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l 
/ 
A 


ALKALINE REFLUX GASTRITIS 


657 


Fic. 3. Tanner's method 
of modified Roux-en-Y 
jejunojejunostomy con- 
structed in patients with 
a previous gastrojejunos- 
tomy for relief of alka- 
line reflux. 


50cm 





19 to 43-pound weight gain. The principal complaint 
remaining in some patients was early satiety related 
to the remaining small gastric remnant. Subsequent 
endoscopy reveals a return to normal of the gastric 
mucosa. None of the patients had evidence of ulcer 
formation secondary to diversion of the alkaline stream 
from the gastric outlet. 


Discussion 


Bilious regurgitation often associated with persistent 
epigastric pain is not an uncommon complaint following 
gastric resection. The relative frequency of bile vomiting 
and regurgitation varies from 8-35% of patients.*1” Most 
authors have traditionally attributed these symptoms to 
the “afferent loop syndrome” with stasis of bile and pan- 
creatic secretions in the afferent loop of a gastroje- 
junostomy followed by the sudden retrograde inflow of 
duodenal contents into the stomach.®7:*° However, this 
same pattern of symptoms can follow any type of gas- 
tric operation in which no afferent loop has been con- 
structed such as a Billroth I gastroduodenostomy or 
vagotomy and pyloroplasty.17:18.19 

In the past 20 years the British literature has docu- 
mented the fact that emesis of duodenal contents may 
be caused by the accumulation of bile in the stomach 
rather than in the afferent intestinal loop.+151° This 
symptom complex has been called “postoperative alka- 
line reflux gastritis” and is related to any post-surgical 
condition in which the pyloric mechanism is either de- 
stroyed or bypassed allowing free reflux of duodenal 
contents into the stomach. Lawson? first demonstrated 
the inflammatory gastric mucosal changes that could 
occur in animals secondary to duodenal and biliary re- 
flux; later DuPlessis® suggested similar changes in man. 
Schinler'? by means of repeated gastroscopic examina- 
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tions subsequently showed that constant reflux of duo- 
denal and pancreatic juice produced gastritis. Siurala 
and Tawast** reported that the incidence of chronic 
gastritis was significantly increased among patients with 
bile constantly present in their stomachs. Toye and 
Williams’? were able to reproduce these symptoms in 
two patients who had Billroth IJ gastrectomies by in- 
stilling a quantity of bile and pancreatic secretions di- 
rectly into the stomach. The symptoms could not be 
elicited in the same patients by infusing the afferent 
loop with duodenal aspirate. More recent publications 
have documented the fact that postoperative reflux alka- 
line gastritis is probably more common than the older 
literature would suggest.11%18 Equally current is the 
demonstration of increased bile reflux into the stomachs 
of patients with gastric ulcer.?1? | 

Symptoms of bilious vomiting may develop immedi- 
ately after operation or, for uncertain reasons, after a 
symptom-free interval of months or years. The epigastric 
and substernal burning pain is most likely related to the 
associated gastritis and esophagitis from the irritating 
alkaline secretions and would explain why antacids are 
ineffective. Barium studies are of little help except to 
eliminate marginal ulceration, stomal or efferent loop 
obstruction. The clinical history, gastric secretory data, 
and endoscopy with biopsy are the most important di- 
agnostic aids. The uniform finding of histamine-resist- 
ant hypochlorhydria or achlorhydria eliminates an acid- 
pepsin mechanism as the cause for gastritis. Endoscopy 
documents the free reflux of bile into the stomach. The 
most severe gastric mucosal changes are usually found 
at or close to the gastroenteric junction. Chronic atrophic 
gastritis with diffuse areas of mucosal atrophy and foci 
of edema and inflammation is the constant histologic 
feature. In some patients with long-standing symptoms, 
gastric mucosal biopsies will also show ‘metaplasia re- 
sembling the small intestine. This widespread mucosal 
atrophy can account for the uniformly depressed gastric 
acid secretion as shown by Kuster.® It should also be 
noted that gastric atrophy is not recognized as a sequelae 
to vagotomy, further supporting the belief that epithelial 
damage is directly related to chronic bilious wash of 
the stomach lining.™* 

In addition to documenting the presence of alkaline 
reflux gastritis, it is important to meticulously eliminate 
other more common postgastrectomy sequelae. The 
dumping syndrome, postvagotomy diarrhea and other 
nutritional problems can be excluded since increased 
intestinal transit time and other vasomotor symptoms 
would be the prominent complaints rather than post- 
prandial biliary emesis. Marginal ulceration is diag- 
nosed either by upper gastrointestinal roentgenograms, 
endoscopy or at operation. It is also associated with 
gastric hypersecretion rather than hypochlorhydria and 
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mucosal destruction occurs on the small bowel side of 
the anastomosis. Gastric stomal dysfunction and afferent 
loop syndrome usually occur early in the postoperative 
period and may be diagnosed by gastroscopy or at the 
time of laparotomy. 

The present series emphasizes several points which 
have not been previously stressed in the surgical lit- 


erature. Three patients developed alkaline reflux after 


pyloroplasty. Most instances have developed after gas- 
tric resection or gastroenterostomy.’***18 Bartlett? re- 
ported the case of a single patient with alkaline reflux 
after vagotomy and pyloroplasty while four other pa- 
tients developed symptoms after partial gastric resec- 
tion. Our findings serve to support the concept that 
reflux of duodenal contents can occur whenever the py- 
loric sphincter mechanism is damaged or bypassed. 
Guaiac-positive stools and iron-deficiency anemia with 
occult blood loss were not uniformly present. Only two 
of our patients had low hemoglobin and serum iron 
levels with hypochromic microcytic anemia. Both of 
these individuals had undergone Billroth II gastrectomy. 
Recent reports by Van Heerden!® and Mackman’® have 
stressed the presence of anemia and guaiac-positive stools 
as important diagnostic findings. The present report 
would suggest that Cholestyramine therapy is relatively 
ineffective in controlling the symptoms of alkaline re- 
flux. However, one of our patients did receive tempo- 
rary symptomatic relief and some mucosal improvement. 
As more extensive studies are undertaken in the use of 
Cholestyramine, they may prove that this drug ther- 
apy needs to be instituted earlier or may be more ef- 
fective in milder cases of alkaline reflux. 

A variety of surgical procedures have been proposed 
in the treatment of this condition.**® The most satis- 
factory method has been construction of a Roux-en-Y 
limb to prevent reflux. Tanner’.16 has described a modi- 
fied Roux-Y loop (Fig. 3). In patients with Billroth TJ 
gastrectomy, he divides the afferent loop leading to the 
gastrojejunostomy and implants both ends into the 
jejunum beyond the stomach. The afferent loop is 
anastomosed 50 cm. below the gastrojejunostomy making 
further reflux virtually impossible: The second outlet 
from the gastric pouch provides an additional outlet 
from the stomach in case the original efferent limb fails 
to function properly. The importance of at least a 40-50 
cm. Roux-en-Y limb has been emphasized by Bartlett! 
who found that a shorter distance failed to prevent anti- 
peristaltic reflux into the gastric remnant. This method 
appears applicable primarily in patients with Billroth 
II gastrojejunostomy. We have utilized this operation 
in a single patient primarily to shorten the afferent limb 
at the time of reconstruction. Both Van Heerden!’ and 
Bartlett! have reported great success with this technic. 
We have favored hemigastrectomy and antecolic 
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Roux-en-Y limb gastrojejunostomy in those individuals 
who develop reflux after pyloroplasty (Fig. 2), In symp- 
tomatic patients with Billroth I gastroduodenostomy or 
Billroth IT gastrojejunostomy a single limb Roux-en-Y 
efferent limb of 40 em. is constructed. If a vagotomy has 
not been performed previously, this is also recommended. 
Mackman’® has also reported good results in four pa- 
tients with this type of efferent limb. 

An increased risk of stomal or jejunal ulceration must 
be considered following this procedure due to diversion 
of the alkaline stream. However, this risk appears to be 
overestimated since all patients generally undergo vagot- 
omy and high gastric resection. We have not noted 
stomal ulceration in any of our patients, some af whom 
have been followed for more than 8 years. This: has 
been the experience of Tanner’! and others.4:10.18 Tt ap- 
pears to be important to perform bilateral truncal vagot- 
omy even in the presence of histamine-resistant achlor- 
hydria. Capper and associates? have noted a return of 
acid secretion after alkaline diversion by a Roux-en-Y 
loop. Repeat endoscopy with biopsy in some of our long- 
term patients has suggested that a more normal appear- 
ing gastric mucosa develops once reflux ceases. 


Summary 


The clinical, endoscopic and gastric. secretory findings 
in 11 patients are reported in whom the diagnosis of 
alkaline reflux gastritis was made. Bilious vomiting with 
persistent epigastric and substernal pain and weight loss 
developed after various gastric operations. Endoscopic 
visualization of alkaline reflux and biopsy-proven atro- 
phic gastritis in addition to histamine resistant hypo- 
chlorhydria or achlorhydria confirms the diagnosis. The 
importance of eliminating other postoperative digestive 
sequelae has been stressed. Dramatic relief of symp- 
toms was produced by construction of a modified Roux- 
en-Y jejunal limb allowing the afferent loop to enter 
the jejunum at least 40 cm. distal to the gastrojejunos- 
tomy. 
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Severe Problems with Gastric Emptying after Gastric Surgery 


AILURE of the stomach or gastric remnant to evacuate 
Fora after gastric surgery has been a problem for 
surgeons over the past 100 years. There is considerable 
variation in the speed with which patients regain normal 
gastrointestinal function after operation. Some patients 
are able to resume oral alimentation within a few hours 
after operation, while others may require nasogastric suc- 
tion for one week. Whereas patients in the latter category 
may require ą longer period of hospitalization, they do not 
develop major problems with fluid and electrolyte balance 
and there is no danger to survival. Some patients, how- 
ever, fail to evacuate gastric remnants normally for pro- 
longed periods, and operative intervention may be re- 
quired. It is to this group that the current study is directed, 
for a review of the literature reveals only limited docu- 
mentation of the precise pathology which produces this 
problem, and few surgeons have an extensive experience, 
since it is not particularly common.*8!0.11.12,14,15.18 Thus, 
a better understanding of the basic pathology and de- 
velopment of a more specific plan of management is 
needed. 


Materials and Methods 


Three groups of patients requiring gastric surgery 
were studied. The first group of 406 patients was treated 
for a variety of lésions by subtotal gastrectomy alone 
during a period ending in 1955.% The second group of 
300° patients was treated for duodenal ulcer by truncal 
vagotomy and hemigastrectomy.® The third group in- 
cluded 565 patients treated in the past 6 years for a va- 
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riety of gastric lesions and by a variety of technical proce- 
dures. There were a total of 1261 patients in the three 
groups. Duodenal ulcer was the lesion most com- 
monly requiring treatment, with gastric ulcer second 
in frequency. There were a number of patients, how- 
ever, treated for hemorrhagic gastritis and others were 
treated for gastric neoplasm. In addition, a few pa- 
tients were treated for marginal ulcer by procedures 
which included re-resection and formation of a new gas- 
troentric anastomosis (Table 1). Patients who required 
nasogastric suction because of difficulty in emptying. the 
stomach or gastric remnant following gastric surgery were 
studied when the period of treatment’ extended more 
than 10 days after operation. 

Among the 1261 patients studied, there were 21 who had 
severe problems with gastric evacuation, an incidence 
of 1.6%. There was no significant difference in the inci- 
dence of émptying problems after gastrectomy alone as 
compared to yagotomy and hemigastrectomy. Interest- 
ingly, there were no severe problems with gastric empty- 
ing following treatment of 89 patients by vagotomy and 
pyloroplasty, while the incidence of problems following 
vagotomy and gastrojejunostomy was 15%, although there 
were only 20 patients in this group (Table 2). Further- 
more, the incidence of problems of evacuation after 
reconstitution of gastrointestinal continuity by gastroduo- 
dectomy was virtually identical to that after gastroje- 
junostomy from a numerical standpoint although the 
cause was somewhat different in the two groups (Table 
3). In addition to the 21 patients among this group, six 
patients on the private service of one of us were in- 
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A Tabulation of the Disease Processes Treated among 
1261 Patients 


a 


TABLE 1. 





Disease Number Per Cent 
ee ee ee NA 

Duodenal! ulcer 971 77 
Gastric ulcer 153 12 
Gastritis 59 5 
Neoplasm 49 4 
Marginal ulcer 29 2 

Total 1261 100 


cluded, making a total of 27 patients studied. Roentgeno- 
graphic studies and/or abdominal exploration served to 
define the site of obstruction in 21 of these 27 patients. 
The most frequent site of obstruction in the Billroth II 
group was in the efferent loop, whereas, after the Billroth 
I operation, the problem most commonly existed at the 
stoma. In no instance could a technical error be identified 


as the cause of delayed gastric evacuations. The usual 


cause of this problem was adhesions occurring in the 
efferent loop or an unusual inflammatory response with 
the omentum wrapped around the area of the anas- 
tomosis, compressing it to the point that passage through 
it was impeded (Table 4, Figs. 1 and 2). The cause of 
the marked inflammatory process in the omentum 
wrapped around the anastomoses in some patients could 
not be determined. Whether this simply represented a 
response to trauma short of actual gross fat necrosis, 
whether it represented simply an excessive adhesive 
formation, or whether the omentum may have sealed off 
a slight leak from the anastomosis could not be de- 
termined. In these patients, however, there was no gross 
or radiographic evidence of a leak from the anastomosis. 
Furthermore, the presence of associated inflammatory 
processes of this type produced a dysfunction of motil- 
ity in the portion of the bowel adjacent to the inflam- 
matory process so that proper passage was impeded. 


TABLE 2. A Tabulation of the Incidence of Obstruction of Gastric 
Emptying According to Procedure* 
Obstruction 

Procedure No. No. Percent 
Gastrectomy 406 7 1.7 

B I 60 0 0.0 

e BII 346 7 2.0 
Vagotomy and Hemigastrectomy 748 11 1.5 

B I 187 5 Zt 

B II 561 6 1.1 
Vagotomy and Pyloroplasty 87 0 0.0 
Vagotomy and Gastrojejunostomy 20 3 15.0 
Total 1261 21 1.6 


* It was of interest that no serious delay in emptying occurred 
in any patient following vagotomy and pyloroplasty. 
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TABLE 3. A Comparison of the Incidence of Obstruction following 
Reconstitution of Gastrointestinal Continuity after Resection 
by Gastroduodenostomy and Gastrojejunostomy* 


EY 








Obstruction 

Procedure No. No. Percent 
Billroth I 247 5 2.2 
Billroth II 907 13 1.4 
Total 1154 18 1.6 


* The mechanical problems which existed, though different, 
occurred with a remarkably similar incidence. 


Herniation through the mesentery of the transverse 
mesocolon, after retrocolic gastrojejunostomy, was the 
etiology of the problem in two patients, while in two — 
instances traumatic fat necrosis was found at operation. 
In one of these patients traumatic fat necrosis had oc- 
curred at virtually every point where an incision had 
been made through fat or in which clamping and tying 
of bleeders had been accomplished. This involved the 
fat in the subcutaneous tissue as well as in the peritoneal 
cavity. Pancreatitis had caused the formation of dense 
adhesions in one patient. 

Wher the site of obstruction was radiographically dem- 
onstrated to be at the stoma, some of these patients 
were found to have efferent loop obstructions due to 
adhesions at the time of surgical exploration, with the 
obstruction being just beyond the stoma so that no barium 
could be visualized in the efferent loop. The problem, 
nevertheless, was primarily one of efferent loop obstruc- 
tion rather than any abnormality in the stoma itself. 


Treatment and Result 


In all patients, a trial of conservative therapy consisted 
of nasogastric suction, the cessation of oral feeding, and 
the initiation of intravenous fluids to maintain proper fluid 
and electrolyte control. On this regimen alone, 13 of the 
27 patients had spontaneous resolution with eventual re- 


TABLE 4. The Site of Obstruction and the Ettologic Factors in this 
Group of 27 Patients 


Etiology No. Percent 


Efferent loop obstruction 14 
Adhesions 10 
Due to pancreatitis 1 
Herniation through transverse 
mesocolon 
Fat necrosis 
Stomal obstruction 7 
Inflammatory mass 
Adhesions 
Undetermined 
Undetermined 6 
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Total 27 
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sumption of oral feeding. The 14 patients who failed to 
respond to conservative therapy underwent surgical pro- 
cedures. The procedure varied depending on the etiologi- 
cal factor found at the time of operation. When severe 
involvement of the anastomosis with an inflammatory mass 
precluded the likelihood of early cessation of the problem, 
a second anastomosis or a revision of the gastrojejunostomy 
was done. One patient with herniation through the 
transverse mesocolon underwent a take-down of the 
retrocolic anastomosis and conversion to an antecolic 
gastrojejunostomy. The other had had a vagotomy and 
gastrojejunostomy. A gastric resection and antecolic gas- 
trojejunostomy was performed. One patient was treated 
by enteroenterostomy to bypass the point of adhesive ob- 
struction and other patients underwent lysis of adhesions, 
with or without gastrostomy and feeding jejunostomy 
(Table 5). Thirteen of these patients required no further 
surgical intervention, while in one patient, adhesive ob- 
struction of the efferent loop recurred, and reoperation 
was necessary. 

Several patients requiring operative intervention had 
had obstruction present for some period prior to opera- 
tion, and did not show early return of normal gastroin- 
testinal function following operation, even when the 
efferent loop was splinted with a tube passed through 
the gastrojejunostomy. Under these circumstances, how- 
ever, it was possible to maintain adequate nutrition, and 
within a relatively short period of time, it was possible 
to allow some patients to ingest food by mouth, as- 





Fic. 1. An illustration to depict the common causes of prolonged 
gastric emptying. The drawing on the left demonstrates the de- 
velopment of postoperative adhesions with kinking of the efferent 
loop. The drawing on the right demonstrates excessive reaction 
of the omentum encircling a gastro-duodenal anastomosis, pro- 
ducing obstruction by compression as well as causing motility 
dysfunction due to the severe inflammatory process. 
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Fic. 2A. Radiographic ap- 
pearance of adhesive ob- 
struction of the efferent 
loop. Barium has passed 
freely through the gas- 
troenteric stoma but its 
flow is completely ob- 
structed a few inches be- 
yond in the efferent loop. 
Some filling of the affer- 
ent loop is also demon- 
strated. 





pirating the gastric pouch through the gastrostomy tube 
and feeding the aspirated material into the jejunum via 
the jejunal feeding tube. In this manner, fluid and elec- 
trolyte problems were avoided, the patient had the sat- 
isfaction of enjoying the taste and eating of food, and 
nutrition could be maintained totally by oral alimen- 
tation. In two patients this tube allowed early discharge 
from the hospital with care of the gastrostomy and je- 
junostomy on an outpatient basis. The longest period 
required before complete oral alimentation was re- 
sumed was 6 months. Jejunal feedings were supplied 
during almost 4 months of this time (Fig. 3). In other 
patients, jejunal feedings were possible through a long 
feeding tube placed transnasally through the esophagus, 
stomach, and across the anastomosis into the jejunum. 
In one patient with fat necrosis, nutrition was main- 
tained in this manner for more than 6 weeks until the 
inflammatory response in the transverse mesocolon 
had subsided and normal emptying occurred. 

Two deaths occurred among the patients treated. 
One of these patients had a gastric malignancy and died 
in the hospital of far-advanced carcinoma. The prob- 
lem with gastric emptying was a significant complication 
in this patient, but in no way contributed to his death, 


TABLE 5. Fifteen Surgical Procedures were Performed in 14 Patients* 





Procedure Number Patients 





Lysis of adhesions 5 
Lysis of adhesions and gastrostomy with 


feeding jejunostomy 3 $ 
Lysis of adhesions with gastrostomy 1 
Gastrostomy and jejunostomy 1 
Gastrojejunostomy 2 
Gastric resection 1 
Take-down of retrocolic anastomosis with 

conversion to antecolic gastrojejunostomy 1 
Enteroenterostomy i 











* The procedure performed varied according to the pathologic 
changes found at operation. 
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Fic. 2B. Roentgenogram suggesting poor passage through a gas- 
troenteric stoma. In actuality, there was severe obstruction of both 
afferent and efferent loops due to herniation through the transverse 
mesocolon. 


as it had been resolved for some period prior to death. 
In one patient, however, the problem with gastric 
emptying was a direct factor in patient’s death. In this 
patient, there was failure of resolution on conservative 
therapy and operative intervention was undertaken. 
A Billroth II resection was accomplished. In the post- 
operative period following this procedure, breakdown 
of the gastrojejunostomy developed with leak of gas- 
trointestinal contents into the peritoneal cavity, and a 
fatal peritonitis ensued. Thus, the overall mortality rate 
related to the problem of gastric emptying among the 
27 patients was 4% and among the 1261 patients under- 
going gastric surgery, the mortality rate was less than 
0.2%. Late follow-up data are available on most of 
the patients, in some instances exceeding 10 years. 
„One patient required another period of hospitalization 
for recurrent symptoms 1 year after discharge. All other 
patients have had normal oral alimentation during the 
follow-up. 


Discussion 


Failure of gastric emptying after gastric surgery has 
been ascribed to a variety of causes. Probably the most 
common cause quoted in the literature is stomal edema. 
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Stomal edema, as it is classically described, occurs rarely 
in patients with a properly constructed anastomosis, 
and we have never identified this as a cause of obstruc- 
tion. The cuff which is formed should be sufficiently 
small that obstruction does not occur. We do not be 
lieve that gastric atony is ever the basic problem with 
failure of evacuation following gastric resection, Under 
these circumstances, as noted in previous studies, there 
is no significant motility in that portion of the stomach 
left after resection, and thus absence of motility is the 
usual circumstance, rather than the exceptional cir- 
cumstance, after gastric resection.® Gastric evacuation 
after resection is in no way dependent upon contrac- 
tions of the stomach and gastric emptying may occur 
very rapidly with no visible peristalsis on radiographic 
study and with no measurable peristalsis demonstrated 
by appropriate studies (Fig. 4). 

Gastric atony certainly may be a significant factor in 
prolonged gastric emptying when vagotomy and a py- 
loroplasty has been accomplished. Under these circum- 
stances, the body of the stomach extends considerably 
lower in the abdomen than does the pylorus, when the 
patient is in the upright position; consequently, in the 
absence of the forceful contractions which are normally 
present in the antrum, food is not propelled into the 
duodenum where peristalsis will then carry it forward. 
Severe problems with evacuation after vagotomy and 





Pic. 3. Sequential roentgenograms of a patient with a severe 
emptying problem. A. Roentgenograms following gastric resec- 
tion demonstrated almost complete obstruction which was per- 
sistent. Operation was performed two days after this film was 
taken. An adhesive obstruction of the efferent loop was found and 
relieved. 
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Fic. 3B. Roentgenogram of the upper gastrointestinal tract taken 
approximately 10 days after operation discloses that there is still 
failure of gastric emptying although as demonstrated in this film, 
a tube actually passes through the gastroenteric stoma. Several 
days following this film, reoperation was performed, demon- 
strating recurrence of obstruction of the efferent loop due to ad- 
hesions. A gastrostomy tube and a feeding jejunostomy tube were 
laced. X 
P ws y 
pyloroplasty thus have been observed, and it has even Fic. 3D. Roentgenogram taken 2 months after the film demon- 
been suggested that this operation should not be done strated in 3C. Barium now empties readily into the small bowel, 
in patients who are treated for pyloric obstruction and however amother month passed before the patient was able to 
, E k ingest an adequate diet and sustain his nutrition without supple- 

have a markedly distended stomach without et aE pS dings dhesueh ie Taror tube. 
presence of normal muscle tone. Deaths following treat- 
ment of obstructing ulcers by vagotomy and pyloroplasty 
have been reported.’ In this particular series, however, 
we did not encounter this problem. 

A number of other infrequent causes of obstruction 


were not observed in this series. Retrograde gastric in- 





Coa 
o 
z 
So 
< 
uw 
b 
n 
« 





Fic. 4. Roentgenogram demonstrating rapid gastric emptying fol- 
Fic. 3C. Roentgenogram of upper gastrointestinal tract taken 1 lowing gastric resection in a patient who roentgenographically 
mortth following second operation. No emptying from the stom- showed no significant motility in the gastric remnant nor dem- 
ach can yet be demonstrated. onstrated motility on pressure tracings. 
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tussusception, a rare lesion, should be suspected in the 
presence of abdominal pain and the commonly associ- 
ated findings of hemorrhage.?17 We have observed this 
complication only in the late postoperative period. We 
did not observe herniation of the efferent loop under 
the afferent loop or vovulus of the efferent loop in the 
early postoperative period, though these complications 
of gastrectomy have been reported.®!°1® We have ob- 
served these as late complications, however. An unusual 
problem is the development of acute necrotizing ul- 
cerative lesions in the efferent loop, which may result 
in perforation and a fatal outcome.!® Only a few such 
cases have been recorded, and we did not observe this 
problem. We have observed the development of mar- 
ginal ulcer as early as 10 days postoperatively and such 
a complication could produce obstruction in the stoma. 

Bodon and Ramath as well as Golden have reported 
motility dysfunction of the efferent loop as a cause of 
delayed gastric emptying in patients, without a dem- 
onstrable cause for this abnormality on the basis of ra- 
diographic studies.* On the basis of our experience, 
when such an observation is made, there is likely an 
underlying cause for this dysfunction, namely, an ad- 
jacent inflammatory process impairing normal motility 
in this segment. The dysfunction resolves when the in- 
flammatory process resolves. 

Our own observations, therefore, indicate that the 
most common cause of prolonged problems with gastric 
emptying is mechanical obstruction, Fortunately, most 
lesions, such as early postoperative adhesions, may re- 
solve spontaneously with the passage of time. The sec- 
ond common cause is the malfunction of the intestinal 
tract due to an associated inflammatory process. So far 
as we can determine, fat necrosis has not been em- 
phasized as such a cause. We have observed other pa- 
tients in whom fat necrosis not only caused difficulty 
in gastric emptying but also was the apparent cause of 
ileus following other surgical procedures. As noted 
above, postoperative pancreatitis also presented in 
this manner in one patient. A trial of conservative 
therapy is thus routinely justified in patients who do 
not have abdominal pain or evidence of gastrointestinal 
bleeding as a part of their clinical picture and who do 
not demonstrate any signs suggesting peritonitis. The 
patients with these findings should be operated upon 
promptly. In the absence of these findings, however, the 
use of nasogastric suction and intravenous fluids should 
be undertaken as previously described, and our pres- 
ent recommendation is as follows: 


(1) Atrial of conservative therapy is instituted. 

(2) If the patient does not show resolution within a 
week a roentgenographic study of the upper gas- 
trointestinal tract using barium as a contrast 
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Fic. 5. An illustration to demonstrate methods of gastrostomy and 
placement of jejunal tube for feeding purposes. The drawing 
on the left illustrates a double lumen tube, with one lumen end- 
ing in the stomach for aspiration, and the second portion of 
the tube’ passed through the gastroenteric stoma well into the 
efferent loop for feeding purposes. The figure on the right 
demonstrates a double jejunostomy with one tube passed through 
the stoma for aspiration of gastric contents and the other tube 
passed down the jejunum for feeding purposes. Either technic 
can be used succesfully and should be chosen based upon anatomi- 
cal and technical considerations. 


medium is performed, The subsequent treatment 
depends upon the findings of the roentgenographic 
study. 

If passage of barium through the gastrointestinal 
tract is observed, even though slowly, conserva- 
tive treatment is continued with the presump- 
tion that complete relief of the problem will 
occur. 

If complete obstruction exists, however, conser- 
vative therapy is continued but repeat roent- 
genographic study is performed within a week 
to 10 days. If improvement has occurred in this 
period, further conservative therapy is justified, 
but if complete obstruction persists, operation is 
indicated. 

The operation performed will depend upon the 
findings. Lysis of adhesions or performance of a 
new anastomosis may be necessary. 

The placement of a gastrostomy tube and a 
feeding jejunostomy tube should be routinely 
accomplished, for many patients, as noted above, 
have delayed return of gastrointestinal function, 
even though the anastomotic obstruction has been 
corrected. This additional technic to insure ade- 
quate nutrition was performed in over a third 
of the patients on whom we operated. However, 
it is apparent in retrospect that a number a 
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additional patients could have benefited from 
this procedure, and their length of hospitalization 
shortened (Fig. 5). 


Summary 


Prolonged problems with gastric emptying following 
gastric surgery usually represent a mechanical obstruc- 
tion due to adhesions or dysfunction of the bowel be- 
yond the anastomosis due to an adjacent inflammatory 
process, such as pancreatitis or fat necrosis. An initial 
trial of conservative therapy is justified, but evaluation 
with roentgenographic studies using barium should be 
employed. If the obstruction has not been resolved 
definitely within 2 to 3 weeks, operative intervention is 
indicated. The procedure to be employed will depend 
upon the pathologic changes found, but the use of tube 
gastrostomy and insertion of a feeding jejunostomy will 
aid many patients in maintaining a normal nutritional 
state without need for intravenous fluids until gastro- 
intestinal function has returned to normal. 
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DISCUSSION 


Dr. J. Lynwoop HenrrwcrToN, Jr. (Nashville): I thoroughly 
enjoyed both of these papers and had the opportunity to review 
both manuscripts prior to the meeting. Therefore, I would like 
to make a few comments regarding each presentation. 

Dr. McCune is to be congratulated for bringing subject of 
reflux gastritis to our attention. It is only during the past few 
years that reflux gastritis has received its due attention in the 
surgical literature, for this is indeed a not infrequent complica- 
tion following gastric surgery. As with the problem of dumping, 
if we a question our patients, we will find that symptoms 
suggesting reflux gastritis are much more common than we once 
believed. There are all gradations of this symptomatology varying 
from those which are mild and transit to severe symptoms which 
the patient may experience daily. As Dr. McCune mentioned, 
reflux gastritis is encountered more frequently after a Billroth II 
type anastomosis or after simply gastroenterostomy, but it can 
occur after pyloroplasty or a Billroth I anastomosis. I look upon 
this problem as being entirely different from the afferent loop 
syndrome which to me connotates a mechanical obstruction 
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occurring along the course of a long afferent loop or at the gas- 
trojejunostomy site. 

The diagnosis of reflux gastritis is highly suggestive on careful 
questioning of the patient but it can only be documented, as 
Dr. McCune stresses, by gastroscopy, cinefluoroscopy and biopsy 
of the gastric mucosa. We have actually encountered several 
patients with this condition in which upper gastrointestinal bleed- 
ing was a significant complication. 

[Slide] This is the X-ray film of a patient who underwent a 
truncal vagotomy-antrectomy and a Billroth I reconstruction for a 
duodenal ulcer. His surgeon did an extensive Kocherization of the 
duodenum which I feel, to some extent, might have predisposed 


“ the patient to reflux gastritis. As many of you know. Dr. Joe 


Weinberg several years ago stated that excessive Kocherization 
of the duodenum was to be condemned. This patient was treated 
by isolating a 15 cm. segment of jejunum approximately 24 inches 
beow Treitz’s ligament and se acer it in an isoperistaltic 
manner between the stomach pouch and duodenum. After several 
months postoperatively the patient gained 40 pounds and was 
relieved of all objective and subjective evidence of reflux gastritis. 

[Slide] This is the film of another patient who underwent trun- 
cal vagotomy-antrectomy and a Billroth I reconstruction. Again, 
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the duodenum had been extensively Kocherized and one can see 
the dilated, ballooned-out duodenum which on cinefluoroscopy 
demonstrated bi-directional peristalsis with reflux into the gastric 
remnant. This patient was treated with a take down of the 
Billroth I anastomosis and the use of a Roux-en-Y reconstruction 
with an excellent result. 

[Slide] If reflux esophagitis follows a Billroth II type of recon- 
struction, our preference has been to leave the gastrojejunostomy 
intact and to divide the efferent jejunal limb approximately 15-20 
cm. beyond the stoma and to in turn anastomose this efferent 
jejunal segment, which is isoperistaltic, into the opened duodenal 
stump. In our experience we have seen two patients who were 
treated with a Tanner Roux 19 procedure in which the Tanner 
circular loop subsequently angulated and obstructed and had to 
be taken down. The operation of the Roux-en-Y technic which 
Dr. McCune uses is excellent and I think either his procedure or 
the use of the isoperistaltic Henle loop are the preferred operations. 

In regard to Dr. Jordan’s excellent poo during the past 25 
years at the Vanderbilt University afbliated hospitals we have 
performed truncal vagotomy-antrectomy upon 3,584 patients and 
have had the early postoperative complication of gastric outlet 
obstruction occu: in 138 patients, or 4% of the entire series. The 
complication occurred with equal frequency among those who 
underwent a Billroth I reconstruction and those patients subjected 
to the Billroth I] anastomosis. In 48 of the 138 patients reopera- 
tion became necessary after conservative therapy failed. 

[Slide] We likewise have encountered obstruction in the proxi- 
mal efferent loop just distal to the gastroenterostomy in some of 
our cases, but on other occasions it has appeared to us that both 
the afferent and efferent loops were involved in the obstructive 
process as demonstrated by an intense acute inflammatory process 
with fat necrosis surround the entire stoma. In these cases we 
have simply dismantled the entire anastomosis and have per- 
formed a new gastrojejunostomy. If the original anastomosis was 
done through the transverse mesocolon, the subsequent anastomo- 
sis was made anterior to the colon and the greater omentum was 
removed in many instances as no doubt, in some cases it con- 
tributed to the obstruction. We likewise have observed marked 
fat necrosis about the mesenteric rent in the transverse colon in 
retrocolic anastomosis as the real cause of the obstruction. We 
have not used a feeding gastrostomy and a feeding jejunostomy as 
Dr, Jordan advocates, but think it might be a good idea. We 
have simply resorted to passing the nasogastric tube through the 
stoma and down into the efferent limb of the jejunum for approxi- 
mately 10-15 inches, 

When prolonged outlet obstruction follows a Billroth II anas- 
tomosis, we have a much simpler problem to deal with. On a few 
occasions we have simply made an opening in the gastric pouch 
and dilated the gastroduodenostomy much as one would perform 
a closed mitral commissurotomy. However, in general, I think it is 
much simpler to do a gastrojejunostomy and make no attempt 
whatsoever to take down the Billroth I reconstruction or do a 
reversed Mikulicz’ procedure in this region for it might predispose 
a fistula formation. 

[Slide] Over the years we have encountered a few patients 
who have developed gastric outlet obstruction in the rémote post- 
operative period following a Billroth I type anastomosis. At re- 
operation the gastroduodenal suture line was found adherent to 
the undersurface of the liver or to the gallbladder fossa in cases 
where concomitant cholecystectomy had been performed. These 
patients also were treated with a simple gastrojejunostomy placed 
as far distally on the greater gastric curve as possible. 

I would like to compliment Dr. Jordan on his very low inci- 
dence of gastric outlet obstruction occurring in only 1.7% of a 
large series of patients. His incidence of cbstruction has been 
much less than ours. 

Dr. THEopore Draranas (New Orleans), discussing Paper 
No, 21: I also enjoyed listening to these two fine papers, but 
would like to confine my comments to the manuscript by Drs. 
McCune, Joseph, et al. 

We all know that for many years surgeons have extolled the 
salutary effect of alkaline—that is, bile and pancreatic secretions— 
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bathing the anastomosis following J or gastric surgery. 
Further dogma was promulgated that diversion of these alkaline 
juices away from the anastomosis might create a high ulcer 
recurrence incidence. 

Dr. McCune and associates have extended the observations of 
Duplessis and others, who in 1965 suggested that reflux of bile 
into the stomach might be one of the factors in creating what was 
called then alkaline gastritis. 

In the past few months we have encountered 12 patients with 
exactly the same syndrome described by Dr. McCune. The pro- 
cedures that were done in the treatment of these 12 patients 
were almost identical to those descnbed by him. Additionally 
we have also used the interposed Henle loop technic as advocated 
by Dr. Lynwood Herrington. 

In every patient, the gastric surgery had been adequate as far 
as we could tell, and gastroscopy was carried out in every in- 
stance. There were no marginal ulcers. The pathologic findings 
were classic, as Dr. McCune so clearly pointed out, including 
atrophic gastritis, superficial ulceration, and relief by diversion 
of the intestinal contents from the area of anastomosis. 

We are indebted to many of the members of this Association 
for pointing out this aarded problem, which we are recognizing 
now with increasing frequency. It has been recently suggested 
that the common denominator may not be bile alone, but pan- 
creatic juice, intestinal juice, or a combination. 

I would like to ask a question. Is it not possible that the small 
incidence of disabling digestive symptoms in the absence of diar- 
thea following gastric procedures is the result of what, for lack 
of a better term, we should call reflux gastritis. We do not believe 
in our patients that the alkalinity had anything to do with the 
problem; however, this point remains unresolved. 

Certainly the fine tool that Dr. Davenport has given us in study- 
ing back-diffusion of hydrogen ion, which can be demonstrated 
in almost all of these patients, is something we should all apply 
to the study of such patients. 

Dr. McCune, or Dr. Joseph, maybe you can tell us what you 
think the mechanism is here. Is the culprit bile? Is it pancreatic 
juice? Or is it simply the intestinal juice or something within it? 

Dr. Epwarp R. Woopwarp (Gainesville), discussing Paper No. 
21: I enjoyed both these papers very much, and want to direct 
my comments to the paper by Dr. McCune and his associates. 

In the last 4 years we have had the opportunity to treat 26 
patients with alkaline reflux esophagitis and/or gastritis, This is 
largely due to two factors: (1) a very aggressive medical gastro- 
enterology service which has discovered these cases for us, and 
(2) the very marked improvement in our endoscopic instruments 
in the last few years. 

We agree with these authors that it is possible on the basis of 
history plus endoscopic findings to distinguish alkaline gastritis 
from the afferent loop syndrome, which we consider to be entirely 
mechanical in origin. The best evidence, incomplete though it is 
today, indicates that the toxic agents on the gastric mucosa are 
probably the bile salts. But against this we have had the same 
experience that cholestyramine has not been effective in the 
medical therapy of this disorder. 

Our experience differs in that 23 of our 26 patients had had 
Billroth II gastric resection with gastrojejunostomy, two had had 
a Billroth I gastrectomy, and one a pyloroplasty. 

We have preferred the Henle loop isoperistaltic interposition 
operation, although we must admit that in two of these cases 
there has been failure of the gastric mucosa to heal. One of these 


. has been completely salvaged by the Roux-en-Y reconstruction, 


as Dr. McCune described. We prefer the Henle loop for two 
reasons; one theoretical reason is that the alkaline duodenal fluid 
is not diverted as far away from the stoma. These patients are 
achlorhydric in most cases at the time we see them, because of 
the toxic injury to the gastric mucosa; but the gastric mucosa 
recovers when the bile is diverted, and there is recovery of the 
ability of the gastric mucosa to secrete hydrochloric acid and 
pepsin, Although this is only a theoretical consideration, we de 
prefer the Henle loop for this reason. 
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More important, and on the practical side, is that most if not 
all of these patients have malnutrition. We like to keep the 
duodenal loop in continuity, so that absorption is promoted to the 
maximum. a 

This is a definite clinical entity that we are going to be seeing 
a great deal more of because of our improved diagnostic method- 
ology. These patients can be resurrected surgically with a very 
high degree of success. 


Dr. Jonn L. Farrincer, Jr. (Nashville), discussing Paper No. 
22: I agree with Dr. Jordan that it is sometimes advisable to 
insert a feeding jejunostomy tube, either in anticipation of de- 
layed emptying or in case a complication occurs. The standard 
tube feeding formula available in hospital diet manuals has uni- 
versally produced a severe diarrhea: in our experience. This has 
occurred whether the formula is introduced through a naso- 
gastric tube, a gastrostomy tube, or a jejunostomy tube. Some 12 
years ago we developed a feeding regime that does not produce 
diarrhea and has been very effective in our experience. This 
formulá consists of four jars of baby meat, six jars of baby 
vegetables, three: cups of .milk, four cups of strained cereal and 
two eggs. This is diluted to 2400 cc. while being mixed in a 
blender. This supplies 1407 calories, 146 Gm. of protein, 98 Gm. 
of fat and 165 Gm. of carbohydrates. 

This formula can be fed in gradually increasing amounts to a 
volume of 3,600 cc which would supply 2057 calories, and 219 
Gm. of protein. Some patients can tolerate additional amounts 
of fat to increase the calories. It is advisable ta obtain electrolyte 
determinations at least twice a week while the patient is on this 
formula, since it has been found to contain insufficient sodium 
chloride for some patients. 

The nutritional adequacy of this formula and the absence of 
fluids and nutritional loss by diarrhea makes it a very useful feed- 
ing regime. 


Dr. Wirii1aM L. Josers (Closing discussion of Paper No. 21): 

Dr. Herrington, we really have not had any experience with the 
jejunal interposition for correcting this condition. However, I 
must point out that we currently Have a patient in whom a 
jejunal loop was interposed following a Billroth I, who has now 
come back to us with a recurrence of alkaline reflux. It just may 
be that the jejunal interposition loop was not long enough, and I 
think this is important. Some of the other reports in the literature 
have stressed a fairly lorig jejunal loop to prevent alkaline reflux. 
_ Dr. Drapanas, there are three or four reports in the medical 
literature in which the alkaline stream has been broken down into 
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the pancreatic secretions, and the bile also broken down, and 
most of these reports would suggest that it is the bile salts them- 
selves which are most toxic to the gastrie mucosa. 

The danger with reporting what we thought was a rare condi- 
tion, or what you see is what you get, is pointed out by Dr. 
Woodward, who has 26 patients. With better endoscopy, more 
and more cases are being uncovered. 

I.am really not sure that cholestyramine is ineffective in the 
treatment of this condition. I think, as with most of our patients, 
théy were begun on cholestyramine late in the course of the 
disease and for brief periods of time, so it may well be that its 
ability to break up the enterohepatic circulation may be more 
useful than we think, if the drug is started earlier. 

It is true that the gastric mucosa does recover after this sate 
tion, and certainly most of our patients, some of whom have been 
followed up to 8% years, have had good recovery of their gastric 
mucosa—which brings up the point of stomal ulceration. Mr. 
Tanner, who has reported this disease many, many years ago, 
really has not noted any increased stoma] ulceration as a result 
of the Roux-Y limb, and we certainly have not. These patients 
do have a vagotomy and a high gastric resection, so it may well 
be that we have really reduced the chances of these individuals 
subsequently developing stomal ulceration. 


Dr. GeorcE L. Jorpan, Jr. (Closing discussion of Paper No. 
22): 
I believe that the placement of a gastrostomy tube and a feed- 
ing jejunostomy tube is very worthwhile. Unfortunately, a redo 
of the anastomiosis does not always cure the problem. All the 
patients that I have seen are not included in this series. I can re- 
member one, for example, that had two revisions of the anasto- 
moses, and still had a problem with gastric emptying. Therefore, 
the occasional difficult problem will occur. 

Furthermore, these can save your patients considerable hos- 
pitalization. To coment about what is put through these tubes, 
I prefer to put a general diet into a Waring Blender, chop it up, 
and then give this regular diet through the jejunal tube. 

If the patient’s obstruction continues for some time, he can 
be allowed to eat if he has a gastrostomy tube. I have sent two 
such patients home with tubes in place. Two or three hours after 
eating, they would aspirate their gastric remnants and put the 
gastric contents into their jejunal tubes, Thus, they could eat; 
they were happy; they gained weight, and were able to take 
their diet initially in the normal manner, while at home, living a 
relatively normal life. ae 

So I think this can be very helpful in some of these more 
difficult problems. 


Incisional and Peritoneal Infection after Emergency Celiotomy 


H. HARLAN STONE, M.D., T. RODERICK HESTER, JR., M.D. 


HE MOST COMMON complications following emergency 
Toos are infection in the subcutaneous portion 
of the abdominal incision, sepsis within the peritoneal 
cavity proper, or infection in both of these areas.?4T-2.1, 
12,15,17,19,20,23,24,26,28,30,32,33,36 The incidence of each is 
significantly multiplied whenever there has been peri- 
toneal contamination by bowel contents or an inflamma- 
tory process is encountered during abdominal explora- 
tion. Resultant mobidity and mortality rates, thereby 
reflecting risks to the individual patient, are influenced 
accordingly. 

Several reported studies have intimated that the likeli- 
hood of wound infection can be reduced by performance 
of a delayed primary closure,®9-15-18,25.42.33 by instillation 
of topical antimicrobial agents directly into the surgical 
incision immediately prior to primary closure,*®.8-12-14.16, 
B19, 23-23,28,30-33.35 or by the preoperative administration 
of appropriate systemic antibiotics,).2:11,13,20,26,32,33,36 In 
addition, the use of parenteral antibiotics as well as the 
“prophylactic” abdominal drain have been advocated as 
offering reliable means of reducing the incidence of in- 
tra-abdominal sepsis.®.8.20.36 


Design and Study 


In order to evaluate these various methods, a pros- 
pective randomized study was undertaken on the Pedi- 
atric Surgical and Trauma Services of Grady Memorial 
Hospital during a 27-month period, ending October 1, 
1971. All patients subjected to emergency laparotomy 
because of penetrating abdominal trauma or possible 
intestinal perforation during the first 12 months re- 
ceived cephalothin (Keflin) intravenously at approx- 
imately 100 mg./Kg. body weight/day in four to six 
divided aliquots only after the abdominal incision had 
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been closed and the patient had been transferred to the 
recovery room. In the ensuing 15 months, cephalothin 
at a similar dosage was routinely begun prior to opera- 
tion, the initial dose was administered not later than 1 
hour preoperatively. Parenteral antibiotics were always 
continued until at least the fifth postoperative day. | 

At operation, swab cultures of the peritoneal fluid 
were taken and placed in selenite holding media for 
subsequent identification by subculture of the respon- 
sible bacteria and for sensitivity testing according to 
generally accepted antibiotic disc technics.? All free 
purulent fluid was then aspirated. Contaminating gas- 
trointestinal contents were also removed as completely 
as possible by both saline lavage and swipes with a dry 
laparotomy pad. Careful note was made of the extent 
and intensity of any peritonitis and of the amount of 
gross contamination of the peritoneum and surgical 
incision. Additional cultures were then taken from the 
subcutaneous layer of the abdominal incision immedi- 
ately after closure of the musculo-fascial plane. 

After a rinse with normal saline of the subcutaneous 
portion of the abdominal incision, the remainder of the 
wound was managed according to a previously estab- 
lished pattern. Absence of pre-existing peritonitis and 
freedom from soilege by gastrointestinal contents dic- 
tated primary wound closure. Otherwise, the last digit 
in the patient’s hospital number determined the method 
of wound care. (All hospital numbers had already 
been assigned at random by clerks in the hospital ad- 
missions department. ) 


1,2,and3 Primary wound closure 

4,5,and6 Delayed primary wound closure 

7, 8, 9, and 0 Neosporin aerosol spray of the wound 
followed by primary closure 
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TABLE 1. Wound Infection after Primary Closure—Incidence 
following Emergency Celtotomy 
Number Irfected % 

Perforated Ulcer 22 3 14 
Intestinal Obstruction 76 14 18 
Acute Appendicitis 139 25 18 
Colostomy Closure 23 4 17 
Perforative GI Trauma 155 42 27 
Trauma without 

GI Perforation 283 8 3 
Miscellaneous 

Peritonitis 23 2 9 

Total 721 98 13.6 


Primary closure was accomplished with a vertical 
figure-of-eight suture of a 3-0 nylon, thereby approxi- 
mating skin and Scarpa’s fascia with a single stitch. 
A dry sterile dressing was then applied. Suture place- 
ment was similar for the delayed primary closure, ex- 
cept stitches were not tied, but were placed beneath a 
loosely fitting, yet protective, bulky sterile dressing. 
On the third to fourth postoperative day, the dressing 
was removed; and, if the wound appeared healthy and 
‘not infected, sutures were tied.” A fresh sterile dressing 
was then applied. If not, the wound was considered 
infected and was left open for spontaneous closure by 
secondary intention. The technic for antibiotic spray 
with primary closure was almost identical to primary 
closure alone, with the addition of a topical application 
of Neosporin (polymyxin B, bacitracin, and neomycin) 
by aerosol delivery. At a distance of 18 to 24 inches 
from the incision, the wound was exposed to a direct 
spray of Neosporin for a duration of one second for 
each inch of incision length. Sutures were then tied; 
and a dry sterile dressing, applied. 

All patients and, in particular, their abdominal in- 
cisions were followed closely for evidence of infection 
for at least 6 weeks following operation. A purulent 
exudate was taken to represent irrefutable evidence of 
wound infection. Intra-abdominal sepsis, on the other 
hand, often required several days of observation and 
repeated diagnostic studies before the responsible focus 
could be discovered. 

Additional cultures were obtained of any open wound 
at the time of delayed primary closure, from all wound 
infections, and from available sites of possible intra- 
abdominal sepsis. Such specimens were placed in the 
same selenite holding media until routine bacteriologic 
processing for microbe identification and antibiotic 
sensitivity could be performed. Each bacterial isolate 
was tested for susceptibility to one of the following sets 
of antibiotics by routine sensitivity disc methods®: Gram- 
positive bacteria——cephalothin (30 mcg.), Chloram- 
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phenicol (30 mcg.), erythromycin (2 mcg.), gentamicin 
(10 meg.), methicillin (5 meg.), penicillin G (10. units); 
Gram-negative bacteria——-cephalothin (30 mceg.), 
Chloramphenicol (30 mcg.), Colymycin (10 mcg.), 


gentamicin (10 mcg.), kanamycin (30 mcg.), neomycin 


(30 meg.), and Polymyxin B (50 & 300 units). 

Although there was no randomization with respect 
to indications for use and daily care of abdominal 
drains, frequent cultures were also taken of individual 
drain tubing and of material that escaped along the 
drain tract. Particular note was made as to the pres- 
ence, proximity, and local contaminating discharge of 
any intestinal vent that had been created at the time of 
original operation. Drains were always brought out 
through a separate stab wound, never through the lap- 
arotomy incision itself. 


Results 


After completion of the study, the hospital records 
and bacteriologic data of 1,288 patients were analyzed. 
Of the total number, 721 had undergone primary clos- 
ure of the superficial aspect of their abdominal inci- 
sions because of absent peritonitis, no obvious peritoneal 
soilage by alimentary tract contents, or a hospital num- 
ber ending in 1, 2, or 3 (Table 1). The resultant wound 
infection rate for these cases was 13.6%. 

Further subdivision according to specific diagnosis 
permitted allocation of these patients into one of two 
groups on the basis of whether the wound infection 
rate for primary closure was less than, or greater than, 
10% (Tables 2 and 3, respectively). The two categories 
were then considered to represent so-called “clean” 
and “contaminated” cases. 


Method of Wound Closure 


Of 844 clean surgical incisions from the entire study, 
the overall incidence of wound infection was 3.6% 
(Table 4). There was no significant difference in the 
rate of suppuration between those wounds closed pri- 


TABLE 2. Wound Infection after Primary Closure—Incidence Less 
than 10% 
Number Infected % 
Perf, Duo. Ulcer 13 1 8 
Enterolysis 47 1 ; 
Simple Appendicitis 71 1 i 
Sup. Appendicitis 31 2 6 
Gastric Perforation 35 3 9 
Duodenal Perforation 8 0 0 
Small Bowel Perforation 56 5 9 
Trauma without 
GI Perforation 283 8 3 
Miscellaneous Peritonitis 23 2 9 
Total 567 23 4.1 
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TABLE 3. Wound Infection after Primary Closure—Incidence More 

than 10% 

Number Infected % 
Perf. Gas. Ulcer 9 2 22 
Enterostomy 14 50 
Enterectomy 9 5 56 
Colostomy 6 1 17 
Gang. Appendicitis 12 6 50 
Perf. Appendicitis 25 16 64 
Colostomy Closure 23 4 17 
Colon Perforation 52 33 63 
Rectal Perforation 4 1 25 

Total 154 75 48.7 





marily, those subjected to a delayed primary closure, 
and those managed by antibiotic spray with primary 
closure. 

If the incision was considered to have been contam- 
inated, the average incidence of wound infection for 
these 444 patients was 25.2%, exactly seven times 
greater than what had been noted in the clean cases 
(Tables 3 and 5). Primary closure of the contaminated 
incision was associated with wound suppuration in 
48.7%. This infection rate was dramatically reduced to 
15.6% by performance of a delayed primary closure 
and to 10.3% after treatment with antibiotic aerosol 
followed by primary closure (Table 5). 


Bacteriology of the Contaminated Incision 


Cultures from contaminated laparotomy incisions of 
the 154 patients who underwent primary wound closure 
revealed a predominance of Gram-negative bacteria 
(Table 6). There was no significant difference in the 
percentage of bacterial species from the initial wound 
isolates, irrespective of whether a subsequent infection 
developed. Similarly, the proportion of specific bac- 
teria obtained from suppurating wounds was almost 
identical to the bacterial flora originally sampled. 

With a delayed primary closure, qualitative changes 


in the bacterial population of the wound occurred - 


between the time of operation and the third or fourth 
postoperative day when the protective dressing was 
removed for sutures to be tied (Table 7). The increase 
in per cent of wounds harboring Staphylococcus aureus 
was especially striking for incisions that subsequently 


TABLE 4. Wound Infection in Clean Incisions—Incidence According 
to Method of Closure 
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Number Infection % 

Primary 567 23 4.1 
Delayed Primary 128 4 Ssl 
Spray & Primary 149 3 2.0 
Total 844 30 3.6 
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TABLE 5. Wound Infection in Contaminated Inctstons—Incidence 
According to Method of Closure 
Number Infection % 
Primary 154 75 48.7 
Delayed Primary 135 21 15.6 
Sprayed & Primary 155 16 10.3 
Total 444 112 RAZ 


became infected. This one event appeared to be re- 
sponsible for almost a fourth of the 21 cases of wound 
suppuration. In addition, there was a decided differ- 
ence in the wound flora with respect to Gram-negative 
rods (Table 7). Those incisions that healed without dif- 
ficulty had a reduction in the multiplicity of contained 
Gram-negative species from the time of operation to 
the date of executing a delayed closure. In contrast, 
wounds that later suppurated had an increase in their 
Gram-negative population, and it was these same bac- 
teria that accounted for the majority of the infections. 

The establishment of a colostomy in the vicinity of 
an incision designed for delayed primary closure mark- 
edly increased the wound infection rate to 31% (Ta- 
ble 8). Gram-negative bacteria accounted for all but 
one of the 14 infections. Without a colostomy, the 
wound infection rate was only 8%, with Gram-positive 
cocci being responsible for four of the seven cases of 
suppuration, 

Treatment of the surgical incision with an antibi- 
otic aerosol prior to primary closure did not appear to 
alter significantly the proportion of individual bacteria 
in the wound flora on comparison of initial cultures with 
isolates obtained from the subsequently infected inci- 
sion (Table 9). Nevertheless, suppuration was noted 
to have developed primarily in wounds inoculated 
with bacterial strains resistance to the specific anti- 


TABLE 6. Cultures of Contaminated Incisions—Managed by Primary 
Closure 





Per Cent Containing Specific Bacteria 





No Infection Later Infected 





initial initial infection 
Staph. aureus 3 4 3 
Beta Strep. 1 1 0 
Clostridia 8 5 3 
Enterococcus å 3 1 
Other Gram-pos. 6 9 5 
E. coli 53 65 71 
Proteus 5 7 7 
Kleb.-Aerobact. 30 36 41 
Ps. aeruginosa 3 4 3 
Other Gram-neg. 27 43 39 
No Growth 16 13 0 
No Culture 10 12 4 ° 
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TABLE 7. Cultures of Contaminated Incisions—M. anaged by Delayed 
Primary Closure 





Percent Containing Specific Bacteria 





No Infection Later Infected 








initial closure initial closure infection 
Staph. aureus 3 6 5 29 24 
Beta Strep. 1 0 0 5 5 
Clostridia 8 1 10 0 0 
Enterococcus 3 1 5 0 0 
Other Gram-pos. 9 6 14 10 5 
E. coli 61 36 62 52 43 
Proteus 7 4 10 {0 10 
Kleb.-Aerobact. 27 18 38 57 33 
Ps. aeruginosa 4 8 5 24 19 
Other Gram-neg. 28 19 33 19 5 
No Growth 14 15 5 0 0 
No Culture 4 6 5 10 0 





biotics that had been topically applied (Table 10). 
For example, only three of the 16 Gram-negative rods 
isolated from such infected wounds were sensitive to 
the neomycin that had been sprayed into the contam- 
inated incision. 


Parenteral Antibiotics 


The administration of intravenous cephalothin, re- 
gardless of whether initiated preoperatively or begun 
immediately after operation, failed to reduce signifi- 
cantly the incidence of infection in surgical incisions. 
This was true for both clean and contaminated wounds 
(Tables 11 and 12, respectively). 


Intra-abdominal Infection 


The incidence of intra-abdominal infection follow- 
ing celiotomy for the entire series of 1288 patients was 
4.3% (Table 13). On assignment of cases to “clean” or 
“contaminated” categories on the same basis as was 
used in the analysis of wound infections, peritoneal 


TABLE 8. Infection in Contaminated Inctsions— Managed by Delayed 
Primary Closure 


Colostomy No Colostomy Total 
Number 45 88 133 
Infected 14 7 21 
Incidence (%) 31 8 15.8 


Infecting Bacteria (Fraction present in later infection) 


Staph. aureus 1/14 4/7 5/21 
Beta Strep. — 1/7 1/21 
Clostridia — — — 

Enterococcus — — ~— 

Other Gram-pos. — 1/7 1/21 
E. coli 8/14 1/7 9/21 
Proteus 1/14 1/7 2/21 
Kleb.-Aerobact. 7/14 — 7/21 
Bs. aeruginosa 2/14 2/17 4/21 
Other Gram-neg. 1/14 — 1/21 
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TABLE 9. Cultures of Contaminated Incisions—Managed by Spray 
and Primary Closure 





Per Cent Containing Specific Bacteria 





No Infection Later Infected 


initial initial infection 
Staph. aureus l — 6 
Beta Strep. 1 — — 
Clostridia 6 19 — 
Enterococcus 2 6 — 
Other Gram-pos. 6 13 — 
E. coli 58 69 50 
Proteus 5 13 6 
Kleb.-Aerobact. 32 38 25 
Ps, aeruginosa 3 6 13 
Other Gram-neg. 24 19 6 
No Growth 14 6 0 
No Culture 6 0 6 





sepsis was noted in 2.1% of those patients without 
pre-existing peritonitis or obvious spillage of alimentary 
tract contents (Table 14). However, the incidence of 
postoperative intra-abdominal infection was 8.6% if peri- 
toneal contamination had occurred (Table 15). 


Preoperative Antibiotics 


The preoperative administration of parenteral ceph- 
alothin appeared to reduce the severity of a con- 
tinuing, or incidence, of a subsequent peritonitis for 
both the clean (Table 16) as well as contaminated 
abdomen (Table 17). The difference was significant 
for both types when compared to results obtained 
if the same antibiotic at the same dosage schedule was 
not begun until after completion of the operation. 
Achievement of a therapeutic blood level of cephalo- 
thin prior to operation in the contaminated case more 
than halved the rate of intra-abdominal abscess (Table 
17). Antibiotics were purposely omitted from the treat- 
ment orders of 115 patients, the majority of whom 


TABLE 10. Antibiotic Sensitivities of Bacteria from Contaminated 
Inctsions— Managed by Spray and Primary Closure 


Later Infected 
No Infection 


Initial Initial Infection 
Isolates Sensitive to Neomycin (30 mcg.) 
E. colt 75/81 4/11 1/8 : 
Proteus 1/7 0/2 0/1 
Kleb.-Aerobact. 39/45 3/6 1/4 
Ps. aeruginosa 1/4 0/1 0/2 
Other Gram-neg. 30/33 2/3 1/1 
Isolates Sensitive to Polymyxin B (300 units) 

E. colt 80/81 9/11 6/8 
Proteus 1/7 0/2 0/1 
Kleb.-Aerobact. 42/45 4/6 2/4 
Ps. aeruginosa 4/4 1/1 1/2 
Other Gram-neg. 32 /33 3/3 1/1 
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TABLE 11. Wound Infection in Clean Inctstons—Inctdence According 
to Antibiotic Administration 


Number Infected % 

Pre-Op 359 14 3.9 
Post-Op 407 15 37 
Never 78 1 1.3 
Total 844 30 3.6 


TABLE 12. Wound Infection in Contaminated Incisions—Incidence 
According to Antibiotic Administration 


. Number Infected % 
Pre-op 198 56 28.3 
Post-op 209 53 25.4 
Never 37 3 8.1 

Total 444 112 25.2 


had been diagnosed as having non-perforative appen- 
dicitis or who were undergoing elective colostomy 
closure, essentially the only operation in the series not 
performed as an emergency procedure. 

Bacterial isolates from the peritoneal cavity were 
almost identical to those that were initially obtained 
from the surgical incision. Nevertheless, tests of sen- 
sitivity to cephalothin revealed that intra-abdominal 
infection usually was catised by bacterial species and 
strains resistant to the administered antibiotic (Ta- 
ble 18). In fact, Gram-negative isolates from the re- 
sultant intra-abdominal abscessees were remarkedly 
insensitive to cephalothin. 


Abdominal Drains 

The incidence of peritoneal infection was significantly 
greater for those patients in whom abdominal drains 
had been inserted (Table 19). The rate was even 
higher if a colostomy had been established nearby 
17% as compared to a 3% incidence for cases with 
a colostomy alone. 

Analysis of bacterial isolates obtained from the intra- 











TABLE 13. Intra-Abdominal Infection after Emergency Celiotomy 
Number Infected % 
Perforated Ulcer 45 4 9 
Intestinal Obstruction 146 6 4 
Acute Appendicitis 244. 15 6 
Colostomy Closure 71 0 0 
Perforated GI Trauma 388 21 5 
Trauma Without 
GI Perforation 362 8g 2 
Miscellaneous Peritonitis 32 2 6 
Totals 1288 56 4.3 





INFECTION AFTER EMERGENCY CELIOTOMY 


673 


TABLE 14, Intra-Abdominal Infection after Emergency Celiotomy— 
Incidence in Clean Cases 


Number Infected. % 
Perf. Duo. Ulcer 29 3 
Enterolysis — | 54 0 0 
Simple Appendicitis 73 0 0 
Sup. Appendicitis 41 1 2 
Gastric Perforation 72 2 3 
Duodenal Perforation 31 1 3 
Small Bowel Perforation 150 3 2 
Trauma Without 
GI Perforation 362 8 2 
Miscellaneous Peritonitis 32 2 6 
Total 844 18 2.1 


abdominal abscessees revealed that Staphylococcus 
aureus was cultured only from cases without a colos- 
tomy and primarily from those patients with an ab- 
dominal drain alone (Table 20). As might be antici- 
pated, the présence of a colostomy assured the isolation 
of a Gram-negative bacterium, irrespective of whether 
a drain had been inserted. In those cases with both 
an intestinal vent as well as an abdominal drain, it 
was impossible to incriminate either the original bowel 
pathologic changes or the rubber drain as the single 
most likely source for peritoneal contamination and 
subsequent intra-abdominal infection. 


Wound Infection 
Wound infection usually results whenever the bac- 
teria of an inoculum are in sufficient numbers in pro- 


TABLE 15. JIntra-Abdominal Infection after Emergency Celiotomy— 
Incidence in Contaminated Cases 


Infected % 


Number 
Perf. Gas. Ulcer 16 3 19 
Enterostomy 36 2 6 
Enterectomy 30 4 13 
Colostomy 26 0 0 
Gang. Appendicitis 36 5 14 
Perf. Appendicitis 94 9 10 
Colostomy Closure 71 0 0 
Colon Perforation 126 14 11 
Rectal Perforation 9 1 11 
Total 444 38 8.6 
TABLE 16. Intra-Abdominal Abscess in Clean Cases—Incidence 
According to Use of Antibiotics 
Number Infected % 
Prée-Op 359 5 1.4 
Post-Op 407 13 3.2 
Never 73 0 0 
Total 844 18 2.1 : 
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TABLE 17. Intra-Abdominal Abscess in Contaminated Cases— 
Incidence According to Use of Antibtotics 

Number Infected A 

Pre-Op 198 11 5.6 

Post-Op 209 26 12.4 

Never 37 1 2.7 

Total 444 38 8.6 


TABLE 18. Antibiotic Sensitivities of Bacterial Isolates—from the 
Contaminated Abdomen 


Per Cent Sensitive to Cephalothin (30 meg.) 


No Infection Later Infected 


l l Initial Initial Abstess 
Staph. aureus 100 80 15 
Beta Strep. 100 —— 100 
Clostridia 100 100 — 
Enterococcus 6 0 — 
Other Gram-pos. 95 100 — 
E. colt 97 38 26 
Proteus 78 0 0 
Kleb. Aerobact. 66 31 19 
Ps. aeruginosa 0 0 0 
Other Gram-neg. 60 26 20 


portion to their inherent virulence to exceed a minimal 
level of host resistance, the latter being determined by 
the combination of sich local factors as nature of the 
wound, its prior management, and ready availability 
of nutrients for bacterial growth as well as by the gen- 
eral resistance to infection of a certain individual of a 
particular species at a given point in time. Without the 
initial contamination by viable pathogenic microbes, 
there can be no infection. Similarly, infection develops 
only in the host who, for one or more reasons, is sus- 
ceptible to bacterial invasion by members of a coldn- 
izing fora to which he has neither natural nor ac- 
quired immunity. These basic, simple, yet often ignored 
observations should always be kept in mind on dealing 
with any open wound, be it created accidentally or in 
an operating theater. 

For the acutely contaminated wound, usually there 
is insufficient time to alter those general factors of host 
resistance that might affect significantly the healing 
process. Nevertheless, the local wound environment can 
be so influenced as to make infection less likely. De- 
bridement of non-viable tissue, control of hemorrhage, 
and removal of any collection of shed blood will elim- 
inate the availability of a pablum for bacterial sus- 
tenance. “Dead spaces” are likewise obliterated to pre- 
yent a later re-accumiulation of blood products within 
the wound. 
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Drains 
Although it has been repeatedly stressed that the 


. presence of a foreign body definitely favors the devel- 


opment of a subsequent infection, the insertion of drains 
into recently contaminated wounds is still a common 
practice. Indeed essentially every objective study on 
the value of a drdin under these conditions has consis- 
tently demonstrated that the infection rate is worsened 
by use of a so-called “prophylactic drain:”®.820.36¢ Just be- 
cause it is made of a soft, inert material, has been steril- 
ized, and has been put down to a certain place by the 
surgeon himself in no way changes its basic nature. 
The drain is and always häs been a foreign body and, as 
such, predisposes toward the development of infection. 


Delayed Primary Closure 


A delay in closure of the contaminated wound, that is 
until such timie as local resistance has increased, is a prac- 
tical measure that has been in use for centuries.1% This 
procedure relies upon the normal development of fine 
granulations, usually by the third to fourth post-surgical 
day, before the incision is closed. Provided that repeated 
soilage does not take place—as occurs with a poorly 
applied dressing or from an adjacent intestinal vent— 
wound healing will progress at a rate almost identical to’ 
that of the clean wound closed primarily. Most impor- 


TABLE 19. Inira-Abdominal Abscess after Abdominal Contamina- 

tion—Efect of Colostomy and Drains 
. Patients Abscess % 

Drain alone | 238 26 11 

Colostomy alone 87 3 3 

Both 71 12 17 

Neither 738 15 2 

Total 1288 56 4.3 


TABLE 20. Intra-Abdominal Abscess after Abdominal. Contamina- 
tion—Bacterial Isolates in Relation to Colostomy and Drains 


Per Cent of Bacteria in Infecting Flora 


Drain’ Colostomy | 

alone alone Both Neither Total 
Staph. aureus 58 — 7 29° 
Beta Strep. 4 — — — 2 
Clostridia — _ — — —— 
Enterococcus — - — — -— 
Other Gram-neg. — — — — — 
E. coli 27 67 100 40 30 
Proteus — — — 7 2 
Kleb.-Aerobact. 19 67 > 58 47 38 
Ps. aeruginosa 27 — 8 7 16 
Other Gram-nėg. 8 33 50 7 18 
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tant, however, is the significant diminution in incidence 
of wound infection when the technic of delayed primary 
closure is conscientiously practiced.®9-15,18,25,32,33 

If the wound that has been prepared for a delayed 
closure is not healthy in appearance, then it should be 
left open and permitted to heal by secondary inten- 
tion.1825.32 Otherwise, infection is assured. Interestingly 
hospital pathogens or microbes harbored by the patient 
himself often supplant the original bacterial inoculum, 
so that species responsible for any subsequent infection 
may be of an entirely different set from what had made 
up the initial contaminant. Delayed closure should thus 
be used selectively; and great care should be exercised 
to protect the temporarily open wound until such time 
as final closure can be gained. 


Wound Irrigation 


Not only must efforts be made to improve local host 
resistance, but the quantity of the bacterial inoculum 
should also be minimized. The natural response of the 
surgeon is to rely on the use of wound irrigation in an 
attempt to wash away as many bacteria as possible and 
at the same time to dilute the numbers of any residual 
contaminants. The reasoning supposedly follows a dic- 
tum of the greater the volume of irrigant, the lesser the 
chance for subsequent infection. Unfortunately, once 
bleeding has been controlled and the wound adequately 
debrided, even profuse rinsing of the contaminated in- 
cision with normal saline has never been shown to reduce 
the incidence of wound suppuration in any objective 
laboratory or clinical study,218.30,34 that is except when 
an effective antibacterial agent has been added to the 
irrigating solution.1%-16.17.28,30,31 


Topical Antibiotics 

The application of antimicrobial agents directly into 
the contaminated wound does reduce the local bacterial 
population, usually to concentrations or total numbers 
Jess than that required to establish an infection.*.5.8.12-14, 
16,17,19,21-23,28,30-33,35 Nevertheless, the antibiotic selected 
must be effective against the pathogens anticipated to 
be in the inoculum**? and must be applied to the open 
wound within a few hours of the time of soiling.?13 
Otherwise, the incidence of later wound sepsis is not 
altered; only the date when evidence of suppuration first 
becomes obvious is put off. 

* Contaminants from within the abdomen are usually 
Gram-negative rods, and therefore the aminoglycoside 
group of antibiotics have appeared to be the most re- 
liable anti-infectious drugs in these cases. Consistently 
good results have been reported from the topical use 
of neomycin,!®14.17,23,80,82 kanamycin,*164! and poly- 
myxin.?*,14,32.35 Such agents can be introduced into the 
incision in saline solutions at varying concentrations or 
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can be delivered directly into the wound via an aerosol 
spray. By these means a much greater concentration of 
antibiotic is attained locally thari could ever be safely 


‘” achieved by parenteral administration. 


Systemic Antibiotics 


The value of parenterally administered antibiotics is 
debated.1:2.11.15,20,26,22.38,36 Certainly the contaminating 
bacteria should be susceptible to the antimicrobial agent 
selected, while treatment must be begun early. Never- 
theless, several studies using similar antibiotics at almost 
identical dosage schedules have reached diametrically 
opposed conclusions. Randomization and objective meth- 
ods cannot account for the differences. One study, how- 
ever, demonstrated that no reduction in the incidence of 
subsequent wound infection could be expected unless 
local tissue levels of the systemically given antimicrobial 
were present.?° This controversy then appears to resolve 
itself if one considers that the timely initiation of paren- 
teral antibiosis with a reliable agent will permit rapid 
accumulation in the incision of the antibiotic at an effec- 
tive concentration and can thereby prevent the develop- 
ment of a subsequent wound infection. Unfortunately, 
seldom is there sufficient preoperative time for such to 
be accomplished in the patient undergoing emergency 
celiotorny. Tissue levels of any antibiotic are primarily 
dependent upon local blood supply, which is relatively 
poor in the subcutaneous fatty plane of an abdominal 
incision, the very area where laparotomy infections are 
prone to develop. Such a discrepancy in antibiotic con- 
centrations in various tissues is especially true in cases 
where the patient is dehydrated or acutely hypovolemic. 


Management of the Contaminated Incision 


From the data accumulated in the present study as 
well as those observations recorded in the medical lit- 
erature, it would appear that the incidence of infection 
in contaminated wounds can be reduced significantly 
by the topical application of an effective antimicrobial 
agent and the careful performance of a delayed closure 
of the subcutaneous tissue and skin on the third to 
fourth postoperative day. However, if an intestinal vent 
has been established, if there is an adjacent site of in- 
fection, or if protection of the open wound cannot be 
guaranteed, the incision should be closed primarily 
after first being treated topically with a reliable anti- 
microbial agent. The role of parenteral antibiotics is 
uncertain, although they are undoubtedly indicated in 
cases of injury or inflammation to the abdomen proper. 
A drain should never be placed in the surgical incision 
unless the wound serves to permit the escape of exu- 
date from an already established intra-abdominal ab- 
SCESS. 
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Intraperitoneal Infection 


Although not as commion as infection in the subcu- 
taneous portion of the surgical incision, intra-abdominal 
sepsis carried considerable risk to the patient’s life and 
is always associated with greater morbidity. Its overall 
mortality rate, early diagnosis, ease of detecting an 
intra-abdominal site, and effectiveness of definitive man- 
agement are strikingly improved as the inflammatory 
process is confined to a given area within the abdomen 
and its location descends from diaphragm to pelvis. 
For these reasons as well as a facilitation of ventilatory 
exchange, the. patient with acute peritonitis is generally 
put at bed rest with the head of the bed elevated. 

‘Contamination of the peritoneal cavity warrants an 
approach similar to what has been advocated for any 
contaminated wound, that is with the exception that 
delayed closure of the entire abdominal wall is com- 
pletely out of the question. Appropriate removal of 
non-viable tissue and blood clots as well as arrest of 
hemorrhage are certainly indicated, Saline irrigation, 
other than as a. means of removing foreign debris, is 
probably useless, even though it has many advocates 
among actively practicing clinicians. 

Drains 

Insertion of a drain adds the presence of a foreign 
body here as elsewhere. Objective case analysis has 
almost always confirmed its adverse influence on the in- 
cidence of intra-abdominal sepsis.*-82°%3.36 In addition, 
the drain offers a dangerous portal for bacterial entry 
into the already violated peritoneal cavity. Several stud- 
ies, including the present report, have clearly shown this 
undesirable complication to take place.®8 The proximity 
of an intestinal vent, an adjacent area of infection, or 
erratic drain care almost assure a fresh contamination 
of the abdomen by bacteria migrating down the drain 
tubing. 

Isolation of possible sources from which bacterial 
pathogens may be transferred is seldom practical. The 
colostomy bag often loses its seal or overflows when 
not promptly or properly changed. Similarly, the dress- 
irig covering an abscess may become saturated with 
a purulent exudate. In cases where a drain must be 
employed, such as with operation or injury to the liver, 
kidney, and pancreas, it is much safer and a good deal 
easier to isolate the drain by enclosing it within a 
carefully applied sterile ileostomy bag. Seldom if ever 
is there a break in the seal to adjoining skin, while 
the end of the bag can be opened for emptying as 
necessaty. 


Intraperitoneal Antibiotics 


. As with management of any contaminated wound, 
the instillation of topical antibiotics is attractive and 
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certainly has proven to be effective in reducing the 
incidence of intraperitoneal sepsis.71°429 Nevertheless, 
the agents most reliably effective against the usual intra- 
abdominal pathogens can produce myoneural blockade 
and thus respiratory arrest if rapidly absorbed, particu- 
larly when muscle relaxants or ether anesthesia has been 
used.!>?° This adverse reaction of the aminoglycosides 
can be reversed by the administration of ¢alcium ions, 
yet the antibacterial activity of the antibiotic is likewise 
destroyed.” Thus, potential benefits of any Gram-nega- 
tive antibacterial agent must be weighed against the 
perils of its peritoneal absorption and subsequent pe- 
ripheral action. 


Systemic Antibiotics 


The administration of parenteral antibiotics has been 
shown to significantly diminish the incidence of peri- 
tonitis when given early and via a route that guarantees 
an effective blood level prior to operation.11.20.26.27,33,36 
Intravenous administration of an antibiotic to which the 
peritoneal contaminants are susceptible is similarly most 
important. Under these conditions, the likelihood of an 
infection developing within the abdomen. during the im- 
mediate postoperative course is reduced to less than 
half.41°633 Although it is probably unnecessary to con- 
tinue systemic antibiotics beyond the first 12 to 16 hours 
after contamination,?*27 subsequent peritonitis is more 
readily localized and is definitely better tolerated while 
parenteral antibiosis is maintained. 


Management of the Contaminated Abdomen 


As soon as the diagnosis of acute peritonitis or intra- 
abdominal soilage by intestinal contents has been made, 
antibiotics with appropriate activity against the Gram- 
negative rods should immediately be given in large 
doses intravenously. At operation, all gross contam- 
inants aré removed. Irrigation with massive volumes 
of saline is. probably useless, and the routine insertion 
of a “prophylactic drain” is rarely warranted and prob- 
ably contraindicated. Intraperitoneal antibiotics are cer- 
tainly worthwhile, yet dangers from absorption of the 
more potent of these agents may well be greater than 
any potential good they produce. Parenteral antibiotics 
should then be continued for several days postopera- 
tively, although conditions favoring intraperitoneal sep- 
sis can rarely if ever be reversed once the abdominal 
cavity has been closed. : 


Summary 


To evaluate local and parenteral antibiotics as well 
as delayed primary closure in the management of con- 
taminated wounds, a prospective randornized study 
was performed ori 1288 patients undergoing emergency 
laparotomy. The skin and subcutaneous portions of all 
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incisions were managed by primary closure, delayed 
primary closure, or antibiotic spray with Neosporin 
preceding primary closure. Fixed schedules for preop- 
erative or postoperative intravenous cephalothin were 
also established. Cultures (for isolation of responsible 
bacteria with appropriate antibiotic sensitivity testing ) 
were obtained from the incision, the peritoneum, and 
any complicating infection. 

Whenever the incision had been heavily contam- 
inated, significant reductions in incidence of wound 
infection were achieved by both delayed primary 
closure (15.6%) and by antibiotic spray followed by 
primary closure (10.3%) on comparison to primary 
closure alone (48.7%). Such benefits did not accrue 
from systemic antibiosis. Failures were usually related 
to colostomy soilage of the open wound, hospital path- 
ogens supplanting local wound flora, and bacterial re- 
sistance to antibiotics contained in the aerosol. 

The expected incidence of peritoneal abscess was 
halved when intravenous antibiotics were begun be- 
fore (5.6%) rather than after (12.4%) operation. Al- 
though bacterial sensitivity to cephalothin was impor- 
tant, abdominal drains often provided avenues for 
invasion by hospital pathogens or bacteria produced by 
an adjacent intestinal vent.. 

Such data suggest that peritoneal and incisional con- 
tamination warrant early institution of effective intra- 
venous antibiotics, selective delayed primary wound 
closure, direct application of local antibiotics into the 
wound, and meticulous isolation of all abdominal drains 


that have been installed for valid indications and never 
as a token of prophylaxis. | 
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DISCUSSION 


Dr. Hram C, Pork, Jr. (Louisville): Dr. Stone's manuscript 
will turn out to be, I think, a compendium of resource value in 
this particular field, because he, in an encyclopedic way, has con- 
sidered all these important variables and put them in a reason- 
able perspective. 

I believe he has once again shown the incredible protective 
value of delayed primary closure as a method of preventing 
wound infection of an invasive nature. 

Almost as important is the contribution he has made by high- 
lighting the alternative; that is, spraying the wound and closing it 
primarily. This is a new twist, something that I had not appreci- 
ated, and it needs to be tried to be certain that it has this degree 
of validity. 

His results using systemic antibiotics indicate that they are a 
mixed blessing. This is probably related to two or three factors. 
The first is that the kind of patients he is caring for frequently 
will have had their infection established for several hours, and 
sometimes several days, before he operates upon them. It has 
been repeatedly shown, both in the laboratory and in the clinic, 
that systemic antibiotics, to have an effect on an infection must 
begin either prior to the time of contamination or shortly there- 
after. If such infection is established, even sensitive organisms 
will not be responsive to antibiotic therapy. The decisive period 
will have given time for the organisms to become well ensconced 
in their particular site of entry. 

Finally, I think this method for the improved isolation of drains 
is a genuinely attractive one, and one we would look forward 
to using. 

This paper represents a very encyclopedic look at an extremely 
difficult problem, and one that continues to be the principal source 
of morbidity in most hospitals. I think this kind of study will 
shed much light that will be useful to all of us, and I appreciate 
the chance to see it. 


Dr. J. Arex Harter (Baltimore): Perhaps the one significant 
point in this paper was the importance of the concentration of the 
appropriate bactericidal drug. You have documented the fact that 
prophylactic or preoperative appropriate drugs are useful for 
intra-abdominal infections, which do not seem to help the wound, 
possibly because of dead space, edema, or failure to deliver the 
drug into the tissues. Then you have shown that spraying an 
appropriate antibiotic in the wound is just as good as delayed 
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closure. Why not go the whole way and combine those, and use 
an a saat systemic antibiotic before the operative procedure, 
such as kamamycin or gentamycin. Then spray the wound with 
that same drug, so that you increase the concentration of the 
systemic antibiotic which is already on board in the very con- 
taminated area itself? 

It would then seem to me that it would be possible, and prob- 
ably better, to go ahead with the primary closure at that time, 
watching the wound carefully, and at the earliest signs of puru- 
lence open the wound. 

We have had some problems with delayed closure, because it 
seems to prolong hospitalization, and, obviously, you must wait 
till the fourth or fifth day to close, and although you say that this 
heals as rapidly as R closure, that has not been our experi- 
ence. It usually takes another week or 10 days, and many of 
these wounds, if properly handled, possibly with this combination 
of the same bactericidal Sais iby might be able to get such a 
high incidence of primary closure that we might decrease hos- 
pitalization and really deliver the gospel which your manuscript 
has given us today! 


Dr. H. Harkan Stone (Closing): It is most important to 
draw a distinction between the patient who already has an estab- 
lished infection and the patient who has just recently been con- 
taminated. We did not sort out these data, yet obviously it is 
something we should have done. 

I also want to thank Dr. Haller for his most pertinent com- 
ments, especially because I agree with him so completely about 
the drain. In our data, a delayed closure in the absence of an 
intestinal vent gave the lowest incidence of wound infection. 
Next came spraying an antibiotic into the wound followed by 
primary closure. We have selectively used the delayed closure in 
those patients without an intestinal vent. The incidence of wound 
infection is certainly lower. Patients tolerate this procedure very 
well, even children. To gain cooperation of youngsters, a lot has 
to do with always telling the truth. If you say “This isn’t going 
to hurt”, and then you do something that does hurt him, he has 

ou accurately labeled and says to himself: “Here comes the 
big liar”, From that moment on, the child will no longer trust 
you. However, if you always are honest and say that the pro- 
cedure may hurt him briefly, he will let you carry out the delayed 
closure with little resistance. 

We have not had any prolongation of hospitalization because 
of the use of a delayed closure in any of our patients, 
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Physical and Chemical Configuration of Sutures in the’ 
Development of Surgical Infection 


RICHARD F. EDLICH, M.D., PATRICIA H. PANEK, B.A., 
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HE PRESENCE of a suture in surgical wounds has been 
Tioma to increase the tissue’s susceptibility to in- 
fection. In human volunteers, Elek and Conen have 
noted that an injection of 10° Staphylococcus pyo- 
genes was required to elicit a pus-forming clinical in- 
fection. Under identical conditions, except for the in- 
clusion of a braided silk suture, the concentration of the 
pus-forming dose was drastically reduced to 100 cocci. 
The results of this study indicate that the introduction 
of staphylococci on a silk suture can enhance the de- 
velopment of infection as much as 10,000 fold. 

The mechanisms by which surgical sutures potentiate 
infection in wounds are multiple.4 The damage to the 
tissue by the needle evokes a significant inflammatory 
response. The surgeon’s method of handling tissue also 
appears to be important. Sutures tied too tightly 
around the wound edges markedly increases the inci- 
dence of wound infection. The physical and chem- 
ical structure of the suture also may play a role in the 
development of wound infection. 

A variety of sutures are available to the surgeon 
with a wide range of physical and chemical configura- 
tions. Measurements of the in vivo degradation of 
sutures provide a general classification of surgical su- 
tures. Those sutures which undergo degradation in 
tissues rapidly losing their tensile strength within 60 
days can be considered “absorbable sutures.” Sutures 
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which maintain their tensile strength for longer than 
60 days after implantation may be referred to as “non- 
absorable sutures.” This terminology is somewhat mis- 
leading since many of the “non-absorbable sutures” 
like silk, cotton and nylon lose their tensile strength 
rapidly after the second month and by the sixth month 
are either disintegrated or so week as to have little 
power in reinforcing the tissue.*§ 

The absorbable sutures are catgut sutures, derived 
from natural fibers and polyglycolic acid (PGA) su- 
tures, a synthetic product. The addition of chromic 
salts to the catgut suture as a cross-linking agent in- 
creases the suture’s tensile strength and resistance to 
absorption by the natural action of the body. The non- 
absorbable sutures can be classified according to their 
origin. Non-absorbable sutures made from natural fi- 
bers are silk, cotton and linen. Non-absorbable metallic 
sutures are derived from stainless steel. Modern 
chemistry has developed fibers derived from poly- 
amides (nylon), polyesters (dacron), and polyolefins 
(polyethylene, polypropylene) that have been used 
as a non-absorbable suture. Recent technics have been 
developed to impregnate and coat the polyester su- 
tures with inert materials to alter the suture’s handling 
characteristics. 

Sutures may be also characterized by the physical 
configuration of the sutures. Sutures constructed from 
one filament are called a monofilament suture; su- 
tures containing multiple fibers are called multifila- 


Fic. 1. Standardized Experimental Model. A. Two different sutures 
are placed under the skin. B. The bacterial inoculum is in- 
jected into the subdermal wound around the suture. At the points 
of entrance and exit of the needle, the suture is cut close to skin. 


ment sutures. Only nylon and stainless steel sutures 
are available as a monofilament or multiflament suture. 
All other sutures are made only with one physical con- 
figuration. 

Despite the continuing introduction of new suture 
materials, a comprehensive review of the role of su- 
tures in surgical infection has not appeared in the 
recent surgical literature. The purpose of this report 
is to examine the role of the physical and chemical 
configuration of surgical sutures in the development 
of early wound infection. A readily reproducible ex- 
perimental model has been developed to assess the 
relative importance of these factors in potentiating 
the occurrence of infection. 


Materials and Methods 
Standardized Experimental Model 


The experimental model reported herein has proven 
reliable in day-to-day assessment in our own hands 
and should be suitable for reproducible assessment in 
other laboratories. The experimental animal was the 
female albino Swiss Webster mouse, selected because 
of its ready availability to the investigators and its 
susceptibility to infection caused by pyogenic bac- 
teria responsible for wound infections in man. Each 
animal, weighing 20-25 Gm., was caged and fed ad 
libitum. 

Prior to the experiment, the animals were anesthe- 


tized with sodium pentobarbital (0.1 mg./Gm. body 


° All sutures except the PGA, polypropylene and the silicone 
goated dacron sutures were supplied by Deknatel, Inc. 
+ John Oster Manufacturing Co., Milwaukee, Wis 
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weight) administered intraperitoneally. Skin prepara- 
tion consisted of clipping the hair from the back of 
each animal with an electric clipper (clipper head No. 
4).+ Each animal was placed in a prone position facing 
away from the surgeon. The shaved area was then 
swabbed with 70 ethyl alcohol. 

All sutures* employed in this study were size 000 
and swaged to a straight KS-5 needle and packaged in 
individual labeled containers and sterilized. Two dif- 
ferent sutures were implanted separately under the 
skin at sites parallel and equidistant from the vertebral 
column (Fig. 1). When the total length of the needle 
was beneath the skin, the needle was pushed out 
leaving a standardized length of suture (2.9 cm.) 
implanted between the panniculus carnosus and the 
paravertebral muscles. The suture was cut as close as 
possible to its points of entry and exit, and the stan- 
dardized length of the suture slipped beneath the 
skin by stretching the overlying skin. A designated 
number of bacteria were injected with a tuberculin 
syringe into the tissue around the middle of each su- 
ture. Three different dilutions of the bacterial inoculum 
were injected into the wounds in each experimental 
group to detect differences in the inflammatory response 
of the tissues to the sutures. The number of viable bac- 
teria introduced into the two suture implantation sites 
in the same animal were identical and varied from 
10? to 10° bacteria. The minimum number of animals 
in each experimental group was 24. Photographs at 
either 50X or 125X magnification were taken of each 
suture prior to implantation. 





Fic. 1C. On the fourth postoperative day, the skin on the back of 
the animal is incised around the suture implantation site. D. The 
skin is elevated off the paravertebral fascia to examine the in- 
flammatory response of the tissue. 
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In all experiments except one, a ccagulase positive 
strain of Staphylococcus aureus, phage type 84/85, 
was employed in this study. Growing on a blood-agar 
base for 24 hours at 37° C., colonies of this strain of 
bacteria exhibit a light yellow pigment. The bacteria 
were maintained on a tryptose blood-agar base.. In 
the remaining experiment, a strain of Escherichia 
coli (serotype 06:non-motile) was utilized as the wound 
contaminant. Eighteen hours prior to each experiment 
the bacteria were transferred by a wire loop into a 
broth culture. The broth culture was placed in a shak- 
ing water bath at 37° C. for an 18-Four period. Fol- 
lowing this time interval, the broth culture was cen- 
trifuged at 5,000 G for 10 minttes. After cen- 
trifugation, the broth supernate was poured off and the 
bacterial sediment was suspended in 2.0 ml. sterile 
0.9% NaCl. At the beginning of each experiment, the 
viable count of the bacterial suspension was deter- 
mined directly as an estimate of the quantity of the 
living organisms introduced into the implantation site. 
Viable counts were performed by a standard micro- 
biological serial dilution and plating technic. 


Evaluation of the Tissue Inflammatory Response 


On the fourth postoperative day, the skin on the 
back of the animal was incised around the suture im- 
plantation sites. The skin was elevated off the paraverte- 
bral fascia to examine the inflammatory response of 
of the tissue. The tissue inflammatory response as- 
sessed was the presence of gross purulent discharge 
(Fig. 2). The fourth postoperative day was selected 
because it represents the earliest evidence of clin- 
ically apparent purulent discharge prior to the devel- 
opment of spontaneous wound drainage, suture ex- 
trusions, or delayed host immune responses. Infection 
was judged to be present if there was gross suppura- 
tion around the suture. Since purulent discharge can 
destroy bacteria, it was felt that bacterial counts of the 
tissues would give a much less sigrificant end point 
for these studies. Cultures of the tissues surrounding 
the suture implantation sites were routinely checked 
to ascertain the presence of viable bacteria. In all in- 
stances, the same bacteria injected into the wound 
was later recovered from the tissues. By determining 
the differences in infection of the two implantation 
Sites in each animal a valid statistical comparison of 
the suture materials could be made. A direct compari- 
son of the inflammatory response of the one implanta- 
tion site was made with that of the contralateral 


wound in the same animal. This use of each animal as 


its own control allowed the tissue’s response to the 
suture to be assessed without concern for the devia- 
tion in the host’s resistance from animal to animal. The 
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Unilateral Infection Bilateral Infection 





No Infection 


Fic. 2. Hypothetically, there are three possible sets of inflam- 
matory responses to the sutures that may occur in one animal; 
unilateral infection, bilateral infection, and no infection. 


statistical significance of the infection rate of tissues 
was ascertained by the sign test. 


Results 
Absorbable Sutures 


Plain gut and chromic sutures are composed of sev- 
eral plies that have been twisted slightly, machine 
ground and polished yielding a relatively smooth 
surface and diameter that is monofilament-like in ap- 
pearance (Fig. 3A). To increase the tensile strength 
of plain gut and to lengthen its absorption in tissue, 
the individual plies are tanned in a bath of chrome 
salts prior to twisting and polishing the suture. The 
other absorbable suture is a high molecular weight poly- 
mer composed of glycolic acid which is extruded into 
thin filaments and braided. 

Synthetic PGA sutures elicited less infection in 
contaminated subdermal tissue than did the gut su- 
tures (Fig. 3B). The infection rate in tissues contain- 
ing the PGA suture was significantly less than the 
incidence of infection in tissue containing the gut 
sutures. It should also be noted that plain gut su- 
tures elicited less infection in contaminated tissues 
than did chromic gut sutures. 


Non-absorbable Sutures: 
A. Monofilament 


Nylon monofilament sutures are composed of a 
polyamide (Nylon 6,6) which is heated and forced 
through a spinneret to produce fine monofilament 
sutures (Fig. 4A). Polypropylene is a polyolefin that 
has been melted and extruded into monofilament su- 
tures. Stainless steel sutures are derived from drawn 
metallic strands. 

The synthetic monofilament nylon and propylene 
sutures elicited less infection in contaminated tissue 
than did the metallic sutures (Fig. 4B). The infection 
rate of contaminated tissue containing either nylon 
or polypropylene sutures did not differ significantly. 


B. Multifilaments 


Multifilamient stainless steel sutures and cotton sy- 
tures are formed by winding one filament around 
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Fic. 4A. Photograph at 50X magnification of non-absorbable mono- 
filament sutures. 


Fic. 3A. Photograph at 50X magnification of absorbable sutures. , , i 
ing braided nylon sutures was significantly lower than 


continuous strands of stainless steel are twisted to- sorbable suture (Fig. 5C). Dacron sutures elicited 
gether to form different gauge sutures. Non-continuous the next highest degree of infection in contaminated 
natural fibers of ċotton are combined into yarns which súbdermal wounds. Stainless steel sutures potentiated 
are twisted into plies. The plies in the cotton suture more infection in contaminated tissues than did da- 
are twisted together. The cotton suture utilized in this cron but significantly less infection than did the mul- 
study is a twist of four plies. tifilament sutures made of natural fibers. The great- 

The other non-absorbable multistrand sutures, da- est incidence of infection was encountered in tissues 
crons, nylon and silk, are formed by intertwining three containing cotton and silk sutures. The incidence of 
or more strands to form a braid. The photographs of infection in tissues containing either cotton or silk su- 
these sutures illustrate the structural differences be- tures did not differ significantly. 
tween braided synthetic and natural sutures (Fig. Non-absorbable Monofilament Sutures vs Non-absorb- 
3B). Several very fine silk fibers are twisted to- able Multifilament Sutures 
gether to form yarns which are then braided. The 
number of silk fibers used regulates the suture gauge. 
With braids made from synthetic filaments, only the 
size of the filaments need to be increased to make a 
larger gauge suture. 

The infection rate of contaminated tissues contain- 


It was surprising to us that the physical configura- 
tion of the suture did not appear to be an important 
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Fic. 5A. Photograph at 50X magnification of twisted multifilament 
non-absorbable sutures. 


determinant of infection. Although the incidence of 
infection in the contaminated tissues containing mul- 
tifilament sutures was slightly higher than in those tis- 
sues containing monofilament sutures of the same ma- 
terial, these differences were not statistically signifi- 
cant (Fig. 6). The chemical nature of the sutures 
was obviously of greater importance as a determinant 
of infection. 


Coated Multifilament Sutures vs Uncoated Multifila- 
ment Sutures 


Difficulties encountered by the surgeon in handling 
multifilament dacron sutures led to the development 
of coated dacron sutures. The surface of a daeron su- 
ture exhibits a high coefficient of friction which leads 
to excessive friction during tying.” When tied, the 
dacron suture does not slip into place easily. Coating 
the suture with inert finishes reduces this friction 
encountered in tying and allows the suture to be 
tied more easily, Photographs at 125X magnification 
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Fic. 5B. Photograph at 50X magnification of 
non-absorbable sutures. 


braided multifilament.- 
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Fic. 5C. Comparison of the incidence of gross infection in tissues 
containing multifilament non-absorbable sutures. 


of the individual filaments of the dacron sutures 
coated with either teflon, silicone or wax shows the 
textile finishes on the filaments of the suture (Fig. 
7A). Non-uniform deposits of wax, silicone and teflon 
are readily apparent. 

Coating a multifilament dacron suture with an in- 
ert material did not alter the contaminated tissue’s 
response to the suture (Fig. 7B). The incidence of 
gross infection in tissues containing a coated dacron 
suture did not differ significantly from the tissue’s 
response to the uncoated suture. 


Suture vs No Suture 


It is important to note that even the least reactive 
non-absorbable suture, nylon, tends to elicit some de- 
gree of infection in tissues contaminated with either 
E. coli or S. aureus. The incidence of gross infection 
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Fic, 6. Comparison of the infection rates of tissues containing 
monofilament and multifilament non-absorbable sutures. 


in contaminated tissues containing nylon sutures was 
significantly greater than the infection rate in con- 
taminated needle puncture tracts not containing su- 
tures (Fig. 8). These results suggest that sutures should be 
avoided in contaminated tissues, whenever possible. 


Discussion 


The chemical composition of the suture appears to be 
the most important determinant of early infection. The 
incidence of infection in contaminated tissues contain- 
ing nylon and polypropylene sutures was lower than 
the infection rate of tissues containing any other non- 
absorbable suture. Among the absorbable sutures, PGA 
sutures appeared to elicit the least inflammatory re- 
sponse in contaminated tissues. 

The raison d'être for the superiority of nylon sutures 
and PGA sutures in contaminated wounds may be re- 
lated to the degradation products of these sutures. 
The PGA suture is composed of a high molecular weight 
linear-chain homopolymer of glycolic acid (hydroxy- 
acetic acid) from which filaments are extruded. The 
PGA suture is manufactured by orienting these fila- 
ments by means of stretching and braiding. Postle- 
thwait"! recently reported that PGA sutures lose tensile 
strength significantly more rapidly than chromic catgut 
in the rabbit. After 28 days, PGA exhibited no residual 
tensile strength while catgut retained substantial 
strength at this interval. The mechanism of absorption is 
yet unknown and is postulated to be due to the action of 
the tissue esterases releasing glycolic acid which is then 
metabolized. 

Nylon, although classified as a non-absorbable suture 
is far from being chemically inert.® It is made by con- 
densing 1,6 hexanediamine and adipic acid to form 
polyhexamethylene adipamide. Nylon in its multifila- 
ment form retains almost no tensile strength after being 
in tissues for 6 months. It is Moloney’s belief that this 
dégradation in fiber strength may even apply to fine 
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monofilament nylon fibers.® The loss of tensile strength 
is thought to be due to chemical degradation rather 
than to the physical force on the suture. Proteolytic 
enzymes in the body might aid in the hydrolysis at- 
tacking the amide group of the nylon polymer releasing 
adipic acid and 1,6 hexanediamine. 

In vitro studies performed in our laboratory indicate 
that the suspected degradation products of nylon su- 
tures and PGA sutures are potent antibacterial agents. 
Incubation of S. aureus with varying concentrations of 
glycolic acid, 1,6 hexanediamine and adipic acid results 
in a marked reduction in the bacterial count (Fig. 9A). 
These degradation products of nylon sutures and PGA 
sutures still possess antibacterial activity after being 
buffered with a phosphate buffer to a pH 7.4 (Fig. 9B). 
It is postulated that the antibacterial activity of the de- 
gradation products of nylon sutures and PGA sutures 
may destroy some of the bacteria in the wound thereby 
minimizing the tissue’s reaction to the suture. The 
validity of this hypothesis must be the subject of fur- 
ther experimental studies. 

‘The success of polypropylene sutures in contaminated 
tissue is related to its biological inertness.!* Polypro- 
pylene is produced by closely controlled polymeriza- 
tion of propylene, a derivative of propane gas. It dis- 
plays the excellent chemical resistance of hydrocarbon 
polymers. The tensile strength of polypropylene im- 


planted in tissues remains unchanged over 2 years." 
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Fic. 7B. Comparison of infection rates of tissues containing coated 
dacron sutures and uncoated dacron sutures. 


Utilizing our experimental model, the physical con- 
figuration of the suture played a relatively unimportant 
role in the development of early infection. Although, 
the incidence of infection in contaminated tissues con- 
taining monofilament sutures was lower than the in- 
fection rate of contaminated tissues containing multi- 
filament sutures, these differences were not statistically 
significant. This finding differs from that reported by 
Alexander, Kaplan and Altemeier.1 In their study, vary- 
ing types of knotted sutures were buried in subcu- 
taneous pockets in the rabbit contaminated with S. 
aureus. The suture employed in these studies consisted 
of a piece of suture containing six knots which had been 
tied over a 20 gauge needle. Tissues containing knotted 
monofilament sutures exhibited less inflammation than 
tissue containing knotted multifilament sutures made 
of the same material. It is possible that the knotting of 
a suture exaggerates the physical characteristics of the 
monofilament and multifilament sutures provoking dif- 
ferent inflammatory reactions in tissues. In our study, 
we implanted straight pieces of sutures without knots 
for the following reasons. The size of knotted suture is 
considerably wider than a single strand of suture nec- 
essitating introduction of the knotted suture through a 
Surgical incision. The injury invoked by an incision may 
mask the inflammatory response to sutures. Finally, 
we found it difficult to tie a standardized reproducible 
knot which assured that a known length of foreign body 
would be buried in the tissue. 

Dacron sutures elicited a greater degree of infection 
in contaminated wounds than did nylon, but less than 
did either stainless steel, silk or cotton sutures. The 
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handling characteristics of dacron sutures have consid- 
erably limited their use in operation. The problems en- 
countered in tying dacron relate to their high coefficient 
of the friction.” When dacron sutures are tied, exces- 
sive friction is encountered between the surfaces of the 
suture. The multifilament dacron suture grabs and 
sticks and does not slip into place easily. Coating the 
surface of dacron sutures with textile finishes eliminates 
this excessive friction and allows the suture to slip into 
place easily.” The addition of inert materials to cover 
the filaments of the dacron suture did not significantly 
alter the tissue’s inflammatory response to the suture. 
The incidence of infection in contaminated tissue con- 
taining uncoated dacron sutures was not significantly 
different from the inflammatory response of tissues to the 
sutures coated with either teflon, silicone or wax: 

The relatively high incidence of infection encountered 
with either monofilament or multifilament stainless steel 
sutures may be a result of their chemical or physical 
configuration.1* Stainless steel is not generally as inert 
as pure high polymers. Metallic material may undergo 
degradation through corrosion or a slow transfer of the 
metal ions from the implant to tissue. This degradation 
process is slow and probably does not considerably al- 
ter the resistance of the wound to early infection. How- 
ever, the physical configuration of the metallic suture 
may have a more dramatic impact on the development 
of wound infection. Metallic sutures are stiff and do 
not conform to the topography of the suture pathway. 
Movement of the host must result in considerable me- 
chanical irritation to the tissue from the stiff suture. It is 
likely that the resultant tissue damage impairs the 
wounds ability to resist infection. 

Multifilament sutures made of natural fibers, cotton 
or silk, potentiated more infection than did any non- 
absorbable suture. This potentiation of infection by silk 
and cotton sutures can be correlated with the tissue re- 
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action to these sutures in clean wounds. Postlethwait!® 
reported that silk and cotton consistently show more 
tissue reaction than synthetic sutures. This inflamma- 
tory response may impair the tissue’s ability to resist 
infection. It would appear from these experimental 
studies that the use of silk and cotton should be avoided 
in wounds having known gross bacterial contamination. 
It is important to emphasize that the results of the 
experimental study relate only to the problem of early 
infection in contaminated tissue. The study provides 
no information concerning the late manifestations of 
infections like stitch abscess and sinus formation. In 
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addition, the effect of infection on the tensile strength 
of the suture has not been considered. Such information 
is particularly important when the suture accounts for a 
large proportion of the wound’s tensile strength for a 
long period of time. These factors must all be consid- 
ered before any one suture can be recommended for 
closure of contaminated tissue. 

Finally, it must be reiterated that the least reactive 
suture impairs the wound’s ability to resist infection. 
Contaminated tissue with a nylon suture exhibited more 
infection than did tissue containing no suture but con- 
taminated with the same number of bacteria. A reason- 
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able deduction from these studies is that all sutures 
should be avoided in dirty contaminated wounds. Car- 
pendale and Sereda’s? observations add factual sup- 
port to this thesis. In their experimental evaluation of 
closure technics in. contaminated wounds, Carpendale 
and Sereda reported 16.7% incidence of infections in 
skin wounds closed with sutures as compared to 0% 
infection rate in taped wounds. The histologic and 
tensile strength data reported by Ordman and Gill- 
man? on wounds closed with tape and percutaneous 
sutures give further credence to this recommendation 
and emphasize the merits and value of tape closure of 
wounds. 


Summary 


A standardized readily reproducible experimental 
model has been developed to assess the relative im- 
portance of the chemical and physical configuration 
of sutures as determinants of early infection in con- 
taminated wounds. This model eliminates possible 
effects of necrotic tissue in wounds, hematomas, 
dead space, knot characteristics, tension on closure, 
skin incisions and other variables in the development of 
wound infections. The chemical structure of the suture 
appeared to be the most important factor in the de- 
velopment of surgical infection. The incidence of infec- 
tion in contaminated tissues containing either polypro- 
pylene or nylon sutures was lower than the infection 
rate of tissues containing any other non-absorbable su- 
ture. Dacron sutures elicited the next highest degree 
of infection in contaminated subdermal wounds. Stain- 
less steel potentiated more infection in contaminated 
tissue than did dacron, but significantly less infec- 
tion than did multifilament sutures made of natural 
fibers. The wound infection potentiating effect of non- 
absorbable sutures was most pronounced with silk and 
cotton sutures. Among the absorbable sutures, PGA 
sutures evoked the least inflammatory response. The in- 
fection rate of contaminated tissues containing PGA was 
significantly lower than the incidence of infection of 
tissue containing catgut sutures. 

It was surprising to us that the physical configuration 
of the suture played a relatively unimportant role in 
the development of early infection. The infection rate 
of contaminated tissues containing monofilament non- 
absorbable sutures was lower than the incidence of in- 
fection of tissues containing multifilament sutures made 
from the same material but these differences were not 
statistically significant. Coating the multifilament suture 
with either silicone, wax or teflon did not alter the in- 
cidence of early infection in the contaminated tissue. 
Finally, the presence of even the least reactive suture in 
contaminated subdermal tissue exerts a significant poten- 
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tiation of infection. The infection rate of contaminated 
tissues containing a nylon suture was considerably higher 
than the incidence of infection of a needle tract through 
the tissue containing no suture, but contaminated with 
the standard dose of bacteria. 

Finally, a new hypothesis has been advanced that 
would suggest that the antibacterial activity of degrada- 
tion products of certain suture materials may account 
for the lower rate of clinical infections seen when these 
sutures are used in wounds containing clinically sig- 
nificant bacterial contamination. 


Acknowledgment 


The authors wish to express their appreciation to Dr. Jack 
Compton, Vice-President, Institute of Textile Technology, for 
his generous help and advice. 


References 


1, Alexander, J. W., Kaplan, J. Z. and Altemeier, W. A.: Role of 
Suture Materials in the Development of Wound Infection. 
Ann. Surg., 165:192, 1967. 


2. Carpendale, M. T. F. and Sereda, W.: The Role of Percu- 
taneous Suture in Surgical Wound Infection. Surgery, 58: 
672, 1965. 


3. Douglas, D. M.: Tensile Strength of Sutures. II. Loss When 
Implanted in Living Tisue. Lancet, 2:499, 1949. 

4, Edlich, R. F., Tsung, M-S, Rogers, W., Rogers, P. and Wag- 
ensteen, O. H.: Studies in the Management of the Con- 
taminated Wound. I. Technique of Closure of Such 
Wounds Together with a Note on a Reproducible Model. 
J. Surg. Res., 8:585, 1968. 

5. Elek, S. D. and Conen, P. E.: The Virulence of Staphylo- 
coccus pyogenes for Man. Study of the Problems of 
Wound Infection. Br. J. Exp. Pathol., 38:573, 1957. 


6. Harrison, J. H. and Adler, R. H.: Nylon as a Vascular Pros- 
thesis in Experimental Animals with Tensile Strength Stud- 
ies. Surg. Gynecol. Obstet., 103:613, 1956. 


7. Herrmann, J. B.: Tensile Strength and Knot Security of Surgi- 
cal Suture Materials. Am. Surg., 37:209, 1971. 


8. Moloney, G. E.: The Effect of Human Tissues on the Tensile 
Strength of Implanted Nylon Sutures. Br. J. Surg., 68:528, 
1961. 


9. Ordman, L. J. and Gillman, T.: Studies in the Healing of 
Cutaneous Wounds. III. A Critical Comparison of Surgical 
Incisions Closed with Sutures or Adhesive Tape Based on 
Tensile Strength and Clinical and Histologic Criteria. Arch. 
Surg., 93:911, 1966. 

10. Postlethwait, R. W.: Long-Term Comparative Study of Non- 
absorbable Sutures. Ann. Surg., 171:892, 1970. 

11. Postlethwait, R. W.: Polyglycolic Acid Surgical Suture. Arch. 
Surg., 101:489, 1970. 

12, Usher, F. C., Allen, J. E., Crosthwait, R. W. and Cogan, J. E.: 
Polypropylene Monofilament. A New, Biologically Inert Su- 
ture for Closing Contaminated Wounds. JAMA, 179:780, 
1962. 

13. Williams, D. F.: The Reactions of Tissues to Materials. Bio 
Med. Eng., 6:152, 1971. 


DISCUSSION 


Dr. J. EncLEBERT Dunrny (San Francisco): I would like to 
comment on both papers very briefly, because I believe they are 
very important contributions. 


688 


One of the points I would like to make about Harlan Stone’s 
paper is his method of secondary closure, because he places the 
sutures at the same time of the original operation. If you con- 
sider Dr. Edgerton’s study, there is nothing worse than a suture 
in the wound; if that suture just remains there during those 4 or 
5 days before primary closure, it invites infection. 

If you are going to do delayed primary closure, I think ee 
should either place the sutures at the second sitting, or, as has 
not been mentioned—I would suggest that you do secondary 
closure with “steri-strips”, thereby avoiding the problem of the 
suture. 

Dr. Muron T. Epcerron (Closing): I am very sorry that 
Dr. Edlich is not here today. His long interest in this work has 
been a stimulus to me and I would have liked to have had you 
hear him today. 
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Dr. Dunphy has commented on the value of the Steri-strip, and 
there is no question about this from the standpoint of improving 
wound healing. Under otherwise equal conditions, it is an ex- 
tremely valuable technic. 


The question was asked earlier as to why we used the 4-day 
period as the primary test period for examination of the wound for 
infection. We picked this period only because we felt it was 
about the earliest time that sepsis is recognizable clinically, and it 
comes at a time before disruption of the wound by developing 
infection occurs, when gross pus may be easily seen. We felt 
that pus, and not bacterial counts, proved to be the most reliable 
single criterion for these infections. It is, indeed, pus that bothers 
the surgeon and that needs to be surgically treated in a wound, 
not the “presence” of bacteria. | 


Book Review 


The Case for American Medicine—A Realistic Look at 
Our Health System by Harry Scuwartz (New York: 
David McKay Company, Inc., 1972), pp. 240. 


This short book is a gold mine of factual material, 
documenting the present status of the health of the 
American people and the recent trends in health indices, 
and provides comparative statistics relating these to ex- 
perience in other countries with different health systems. 

Harry Schwartz, B.A., M.A., Ph.D., is a member of 
the editorial board of the New York Times and the 
University Professor at the New Paltz branch of the 
State University of New York. He addressed the 1967 
Allen O. Whipple Surgical Society meeting on the Train- 
ing of Surgeons in the Future with “Point of View of 
the Consumer (Patient).” He is the author of 13 earlier 
books, a majority of which are about Russia and China. 

At a time when every physician and especially sur- 
geons are challenged by statements from government 
officials and others impugning the worth of the Ameri- 
can systems of health care, this volume should be read 
by every physician who wants to refute the untrue 
charges and to put those statements that are merely 
biased against the medical profession in a reasonable 
perspective. 

Mr. Schwartz does not give the American Medical 
establishment a clean bill of health, but he does point 
out that the overall record is a good one, not a bad 


one, and that it is steadily improving in respect to 
longevity and has shown very rapid improvement in 
infant mortality since 1965. He points out that many 
of our deaths are due to the American way of life—too 
much dietary fat, alcohol consumption, cigarette smok- 
ing, gun play, and automobile accidents, which are not 
under the control of the medical profession. He points 
to the enormous gains in health care and longevity over 
the longer span of several decades. 

Especially significant is his analysis of the HMO-The 
Health Maintenance Organization—of the reasons for 
its limited growth and limited acceptance, his keen 
analysis of the practical consequences of defining medi- 
cal care as a right, and his demonstration that the ex- 
tremely rapid rise in hospital rates slowed down in 
1971 after the hospital labor force wages had caught 
up with those of other workers. Since then, it has been 
in the general range of other price increases. 

He builds a powerful case for medical catastrophic 
insurance, points out the dangers in Senator Kennedy’s 
proposals for a national health plan, and pleads the 
case for evolution under a pluralistic system. 

Surgical readers may not find themselves in agree- 
ment with certain of Mr. Schwartz’s views, but nearly 
all will be much better informed after reading this 
concise yet very readable volume. 


JonarHan E. Ruoaps, M.D. 
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Prevention of Postoperative Hemorrhage after Pancreatic 


Cystogastrostomy 


DUANE G. HUTSON, M.D., ROBERT ZEPPA, M.D., W. DEAN WARREN, M.D.* 


HE THERAPEUTIC EFFICACY of internal drainage of pan- 
Ilo pseudocysts is well established. In a collected 
series of 1,145 patients the combined incidence of 
death and/or cyst recurrence was appreciably lower after 
internal drainage (10.2%) than after either cyst excision 
(14.4%) or external drainage (29.3%).* Internal drainage 
requires the establishment of a communication between 
the cystic cavity and the lumen: of the gastrointestinal 
tract. Three technics are used most commonly to accom- 
plish this objective: a) cystogastrostomy, b) cystojejunos- 
tomy and c) cystoduodenostomy. | 

The first description of the application of cystogastros- 
tomy is attributed to Jedlicka (1915) who reported the 
successful anastomosis of a cyst to the stomach.® How- 
ever, specific technical criteria for uniformly successful 
prosecution of this procedure, were not presented: until 
more than 50 years later by Warren and colleagues.’ 
Yet, despite their efforts, present application of this 
technic is ‘associated with the complication of post- 
operative hemorrhage at a rate of 10-50% of the patients 
who are so treated.1? Examination of these data uni- 
formly reveals that at least one violation of the experi- 
mentally established technical criteria for cystogastros- 
tomy has preceded postoperative hemorrhage. This report 
emphasizes the importance of these criteria and illustrates 
their clinical significance. 


Methods and Material 


The case histories of patients admitted to the Univer- 
sity of Miami Affiliated Hospitals from 1968 to the pres- 
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ent were available for evaluation. The data derived 
from the records of 22 patients who harbored 24 cysts 
form the basis for this report. 

All patients developed pseudocysts as a consequence of 
pancreatitis but only in two an underlying cause for the 
pancreatic disease was not apparent. In 20 patients, alco- 
holism was considered an important etiologic factor al- 
though four individuals in this group suffered additionally 
from disease of the biliary tract (Table 1). The incidence 
of alcoholism in this report reflects the patient population 
at risk, since the identification of alcoholism in the 
group of patients (about 100) admitted annually to these 
hospitals with acute pancreatitis varies between 70 and 
75%. 

The clinical findings, laboratory data and radiologic in- 
formation obtained from these case histories were con- 
sistent with those commonly available in the surgical 
literature. An abdominal mass was identified on physical 
examination in six patients preoperatively, and serum 
amylase elevation was present in 1]. Radiographic identi- 
fication of a retroperitoneal mass was found in 11 patients 


(Tables 2 and 3). 


Therapy 


The specific operation performed on these patients was 
determined by three major considerations; 1) the location 
of the cyst, 2) the presence of infection, and 3) the matur- 
ity of the cyst wall. In 12 patients the cyst was retrogastric 
in location, adherent to the posterior wall of the stomach 
and cystogastrostomy was performed in all of these. On 
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five occasions, the location of the cyst favored the use 
of cystojejunostomy, Roux-en-Y, employing an 18-inch 
segment of defunctionalized jejunum. The most common 
indication for cystojejunostomy was caudo-gastric pre- 
sentation of the cyst, although in one patient, the cyst 
presented in the immediate subdiaphragmatic area be- 
tween the aorta and the vena cava, cephalad to the 
stomach. These anastomoses were performed as described 
by others utilizing two layers after excising a segment of 
cyst wall. Cystoduodenostomy was the preferred method 
of internal drainage in one patient in whom the cyst was 
located in the head of the pancreas and fused with the 
duodenal] wall. 

Resection was possible in one patient in whom the 
cyst was located in the distal portion of the pancreas. 
Distal pancreatectomy was performed with closure of 
the resected margin of residual pancreas. In four patients 
external drainage was established. One cyst presented 
through an attenuated omentum to the anterior ab- 
dominal wall. Extensive necrosis was present and 
this cyst was marsupialized. The other was found to 
be infected at the time of exploration and the cavity was 
drained to the exterior through an appropriately placed 
sump catheter. We have accepted as primary indications 
for external drainage, 1) the presence of an immature 
friable cyst wall which precludes a safe cystojejunal anas- 
tomosis, and 2) infection in a cyst as indicated by the 
presence of pus, either grossly or as indicated by gram 
stain of a suitable smear. 


Results and Discussion 


Excision of the cyst by means of distal pancreatectomy 
(one patient) was without complication. One of the two 
patients who underwent external drainage suffered recur- 
rence of the cyst as a late complication, Later, the recur- 
rent cyst was treated again by external drainage with 
complete resolution. The patient who was treated by 
marsupiaglization developed a small bowel fistula in the 
postoperative period which was treated successfully at 
a later date by segmental resection of the jejunum 
(Table 4). 

In the group of five patients who were treated by cysto- 
jejunostomy there were no deaths, although one patient 


TABLE 1. Pancreatsc Pseudocysis 
Etiology Patients % 
Alcohol 16 72 
G B Disease & Alcohol 4 18 
G B Disease Only 0 0 
Idiopathic 2 9 
Total 22 
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TABLE 2. Diagnostic Features 
Findings Cases % 
History of pancreatitis 4 18 
Palpable mass 6 27 
Ascites 1 5 
Calcification 4 18 
UGI suggesting cyst 11 50 
Elevated temperature of 
greater than 101 3 14 
Diabetes 2 9 


TABLE 3. Laboratory Findings 
Procedure Cases VA 
Intermittent amylase elevation 7 32 


Persistent amylase elevation 4 
Alkaline phosphatase elevated 9 
Lipase elevated 2 11 
Bilirubin elevated 0 
WBC count greater than 10,000 4 


TABLE 4. Operation and Complications 


Post 
Type No. Bleeding Deaths 
Cystogastrostomy 12 2 1 
External drainage 4 0 0 
Roux-en-Y 5 1 0 
Resection 1 0 0 
Marsupialization 1 0 0 
Cystoduodenostomy 1 0 0 
TABLE 5. Cystogastrostomy Results 
Edges Edges 
Sutured Free 
No. Cases _ 6 6 
Bleeding from cyst 2 0 


Deaths 1 0 


required re-exploration to control intra-cystic hemor- 
rhage. 

The group of patients (two) who underwent cysto- 
gastrostomy presented the highest overall incidence of 
postoperative hemorrhage (8/12) and the sole fatality 
occurred in this group (1/12) (Table 4). Superficial 


consideration of these data might suggest that cystogas- » 


trostomy is a procedure to be avoided in favor of the 
seemingly safer cystojejunostomy. However, cystogas- 
trostomy as applied to this group of patients included 
two distinctly different operative technics. On the one 
hand, six of the 12 operations were conducted with strict 
observance of the criteria previously defined by Warren 
and colleagues (Fig. 1); whereas the remaining six pa- 
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Fic. 1. Cystogastric incision in the posterior gastric wall. Note 
absence of running suture at the stoma. 


tients had running sutures applied to the cystogastric 
stomas (Fig. 2), Examination of the morbidity-mortality 
data with specific reference to this point reveals an in- 
cidence of postoperative hemorrhage occurring from the 
cyst of 33% (2/,) and mortality of 16% (1/,) in the 
patients with oversewn stomas: whereas the six patients 
treated by the Warren type of cystogastrostomy survived 
the procedure and suffered one complication unrelated 
to it (Table 5). The single episode of postoperative 
hemorrhage was due to erosive gastritis in a patient with 
concomitant hiatus hernia and was not related to either 
the cyst or the cystogastric incision. 

Clearly, internal drainage of pancreatic pseudocyst 
has been accepted widely as the procedure of choice for 
therapy, primarily due to the strikingly lower incidence 
of cyst recurrence when compared to the results of ex- 
ternal drainage.* Yet one of the most frequently cited 
postoperative complications after internal drainage is 
hemorrhage and in particular following cystogastrostomy. 
The thesis exposed in this report considers the risk of 
postoperative hemorrhage to be related to the failure to 
subscribe to the criteria developed from experimental 
data. In the animal studies reported by Warren, four 
factors were described as important: 1) the incision in 
the posterior gastric wall should be placed in the direc- 
tion of the mucosal folds, 2) optimum length of the 
incision to be 6 cm., 3) excision of a portion of the cyst 


` wall is contraindicated and 4) the margins of the inci- 


sion should not be oversewn. The animal experiments 
clearly demonstrated reflux into the cyst cavity when the 
edges of the incision were treated with a continuous 
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suture. Warren and colleagues proposed an interference, 
by oversewing the margins, with gastric mucosal pro- 
lapse which should serve as an effective mucosal valve 
preventing reflux of gastric contents into the cyst. Yet, 
many reports on internal drainage of pancreatic pseu- 
docysts describe oversewing the margins of the incision, 
In view of the evidence which demonstrates that this 
maneuver facilitates gastrocystic reflux, the reason for 
postoperative hemorrhage following cystogastrostomy 
seems clear. The corrosive effects of gastric acid on the 
inflamed surface of the cyst wall could provoke hemor- 
rhage and probably does. The fact that two of six pa- 
tients in whom cystogastric incisions were oversewn suf- 
fered postoperative hemorrhage from the cyst, while 
none of the six not oversewn bled, strongly suggests that 
this may be so. 

Presently, the procedure for cystogastrostomy as con- 
ducted at this institution is as follows: 1) established that 
the required adherence between the cyst and posterior 
wall of the stomach is present, 2) anterior gastrotomy, 
3) aspiration of an aliquot of cyst fluid for immediate 
gram stain and subsequent enzyme determinations, 4) a 
6 cm. incision through the full thickness of the posterior 
gastric and adherent cyst walls in the direction of the 
gastric mucosal folds with care taken not to dissect the 
stomach from the cyst, 5) bleeding at the margins of 
cystogastric incision is controlled by cautery or individual 
ligatures, 6) closure of the anterior gastrotomy. 





Fic. 2. Cystogastric incision demonstrating continuous suture, 
which is apparently the most common error of commission in 
cystogastrostomy. j 
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When cystogastrostomy has been constructed with ad- 
herence to these points of surgical technic, postoperative 
hemorrhage from either cyst or incision has not occurred 
in this group of patients. 


Summary 


The occurrence of postoperative hemorrhage after 
cystogastrostomy may be iatrogenic in origin. A con- 
tinuous, hemostatic suture applied to the margins of the 
cystogastric stoma appears to be associated with an in- 
creased incidence of bleeding. An explanation for this 
apparent contradictory behavior, suggests that the con- 
tinuous suture interferes with the flap valve action of the 
gastric mucosa, thus facilitating gastrocystic reflux with 
corrosive gastric acid contacting the cyst wall. 

The application of the technical criteria based upon 


DISCUSSION 


Dr. Craupe E, Wercs (Boston): I have always been a little 
bit reluctant to stand up and give a case report, but today it 
seems to me that if I give one case report, I have given the 
equiyalent of 50% of the paper. So if you will excuse me, I will 
just mention this little item which had to do with a patient about 
60 years of age who had a large pancreatic pseudocyst. We 
followed the rules, and ‘carried out a suture of the cyst to the 
stomach, 

About 10 days later there was another massive hemorrhage, 
and then 10 days after that, just as the patient was leaving for 
home, another one occurred. 

We opened the stomach, which was empty. There was a lot 
of clot in the cyst, and it had shrunken remarkably, Using the 
old style of exploration, a finger was put in this cyst, whereupon 
a terrific hemorrhage occurred, and the finger fell into a Dig 
hole that we could not quite identify. 

With a good deal more consternation then, we immediately 
extended the incision by dividing the stomach, destroying most 
of its blood supply, and found a hole in the superior mesenteric 
vein about 2-1/2 cm. in diameter. 

This was repaired rather delicately, with a running one chromic 
catgut suture, which we figured would be about the only thing 
that would hold under those circumstances; and the operation 
was completed by a very high gastric resection. 

The patient had a rather eventful convalescence, but now is 
perfectly well. 

Of course, the stomach has been anastomosed to almost every 
viscus. I am not sure whether Dr. Warren in his original studies 
has investigated the physiologic effects of anastomosing a cyst 
directly to the portal system. It might have soms advantages in 
immediate absorption. 

But be that as it may, the point that I wanted to make is that 
if one goes back in a patient like this looking for what might 
be a simple, little suture line leak, he might be greatly disap- 
pointed. He had better be loaded for bear when he goes in. 


Dr. Corin G. THomas, Jn. (Chapel Hill): One of our patients 
was a child with a traumatic pseudocyst, who had a cystogas- 
trostomy. On the 14th postoperative day, he had massive bleeding 
that required reoperation. This hemorrhage proved to be from 
the splenic artery. 
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experimental data to the performance of cystogastrostomy 
is associated with a low morbidity and mortality. 
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About a year ago we had a second somewhat similar experi- 
ence. [Slide] This is a patient who had a cyst that lay superior 
to the pancreas. This represents the stomach, Hndicatingl and 
here is the beginning of our cystogastrostomy. 

There was a small, dark mass in the base of the cyst, which I 
asked one of the residents to please remove to improve the qual- 
ity of the photograph. This mass proved to be a thombus in the 
splenic artery, and we rapidly converted our operation from a 
eystogastrostomy to a partial pancreatectomy, with excision of the 
cyst. 
ce view of this finding, and also the reported cases, there are 
several things that one might do in an effort to avoid such a 
complication. With the realization that bleeding can occur from 
the splenic artery, as well as the superior mesenteric vein, it would 
seem worth while to gently explore the base of the cyst and try to 
identify the proximity of the artery in these circumstances. If the 
cyst is small, and there is a pulsating vessel in the base, excision 
would seem preferable to any type of internal or external drainage. 

Secondly, in those individuals who have a large cyst, in whom 
excision is not feasible, it seems important to cause collapse of the 
cyst and in order to rapidly convert it into a fistula between 
the pancreas and the stomach. We have made a very special 
effort to treat these individuals with a long gastrostomy tube, 
placing this tube within the cyst via the gastrocystostomy stoma. 
Within about 7 to 10 days these cysts are usually quite small, and 
one has, then, essentially a fistulous tract. We have been less con- 
vinced of the necessity of having a flap valve here, and more 
convinced about the need to rapidly decompress the cyst, in order 
to procure a fistula. 

Finally, to Drs. Warren and Zeppa: do they have any radiologic 
evidence of how well this flap valve functions in the postoperative 
period? I can see that it might be competent with a collapsed 
stomach on the operating table, but with the patient swallowing 
air and fluids, doesn’t this area enlarge, perhaps to permit entry 
of gastric content into the cyst? i 


Dr. W. Dean Warren (Atlanta): There are two points that 
I would like to emphasize. The first is to stress that bleeding is 
the commonest source of severe morbidity, regardless of the type 
of drainage procedure employed. This applies not only to cyst , 
gastrostomy but also to external drainage or internal drainage 
with a Roux-en-Y loop of jejunum. Consequently, the type of pro- 
cedure discussed by Dr. Zeppa will not totally prevent hem- 
orrhage, obviously, but I believe it will decrease the serious 
complications which occur with cyst gastrostomy. I agree with 
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Dr. Welch and Dr. Thomas that this bleeding may be coming 
from one of the major splanchnic vessels, and one should be pre- 
pared to deal with a really life threatening hemorrhage when 
the patient is re-explored. 

The second point is to re-emphasize the principle presented so 
beautifully by Dr. Robert Smith in his paper on “Pancreatic 
Ascites”; that is, that a direct suture anastomosis between the 
pancreatic cyst and the stomach is strictly contraindicated. That 
this needs emphasis, I believe, was illustrated by one of Dr. 
Thomas’ slides in which, I believe, he indicated that a suture 
anastomosis of the stomach to the cyst had been carried out. 

A pancreatic pseudocyst is simply a fibrous wall covered with 
granulation tissue. It will not hold sutures well and certainly 
cannot be relied upon for suture line integrity. The only time 
that a formal suture anastomosis to the cyst is indicated is when 
a defunctionalized loop of intestine is utilized. Therefore, suture 
cyst gastrostomy or suture to a loop of jejunum duodenum, et 
cetera are strictly contraindicated. 

This was clearly borne out in our laboratory in our studies 
some years ago. This has subsequently been proven by clinical 
analysis, such as that given earlier by Dr. Smith, but there 
continues to be reports in the literature of these very unphysio- 
logic operations carried out with some frequency. The mortality 
with the suture technic is related not only to hemorrhage but to 
suture line breakdown and intraabdominal sepsis. 


Dr. THADDEUS M. Mosetey (Jacksonville }: The fame of Miami 
even reaches Jacksonville, and we do this procedure. Something 
worries me: From Miami, something was lost, for we were told 
these cysts did not accumulate gastric contents within them when 
you did the procedure the proper way: even when you sutured 
the walls, the gastric contents did not flow back into the cyst. 

Then why do you have the rent? If you have a centimeter and 
a half rent in a superior mesenteric vein, J find it hard to think 
that this might be other than iatrogenic. I cannot see this as an 
erosive process, and I wish to ask our speaker if he can explain 
this on the basis of gastric reflux. 


Dr. Duane G. Hutson (Closing): I would first like to answer 
Dr. Moseley. In the experimental studies of Warren, there seemed 
to be three factors which were important in preventing reflux 
from the stomach into the cyst: Namely, (1) The length of the 
incision; (2) Oversewing of the cystogastrostomy edges; and 
(3) Excision of any portion of the wall between the cyst and 
the stomach. Any one of these will result in reflux into the cyst. 

The second question related to radiographic studies in humans 
following cystogastrostomy. We have studied this in humans; 
however, Dr. Warren states that he has and that the one way 
valve found in the experimental animals was also demonstrated 


clinically. 
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As to whether gastric acid is responsible for all of the post- 
operative problems, of course, is not known; however, it certainly 
seems reasonable to assume that it is a contributing factor. 

I would like to mention briefly several other factors that we 
consider important in the management of these patients. 

[Slide] Timing of the operation is obviously critical if internal 
drainage is to be the procedure. It is imperative that the cyst wall 
be of sufficient thickness and consistency to allow either sutures 
to be placed, as in the Roux-en-Y anastomosis, or an incision 
between the stomach and cyst in a cystogastrostomy. Our present 
approach is to delay surgery until the cyst has been present for 
at least 6 weeks as demonstrated by either X-ray studies or the 
presence of a palpable mass, Using this approach, we have not 
encountered a cyst which could not be drained internally because 
of immaturity of the cyst wall. Likewise, we have not had any 
significant complications develop during this waiting period; how- 
ever, as with all things in medicine, one might anticipate that 
some difficulty will arise during this interval if a sufficient number 
of cases are treated. We, however, feel that the advantages out- 
weigh the possible disadvantages and, indeed, others have sug- 
gested that the mortality is decreased if drainage is delayed. 

[Slide] In this series the average delay was 8 weeks and the 
maximum, 40 weeks. 

[Slide] A second problem that is not unusual in these cases is 
that of differentiating between a pancreatic abscess and an unin- 
fected cyst. In some cases the distinction is obvious; however, in 
others it can be difficult. I am sure that we have all seen cases of 
acute pancreatitis and cysts with temperatures to 104 without 
evidence of suppuration at exploration and who resolved the 
process without the development of an abscess. In reviewing our 
cases, we found it to be unusual to have a WBC count greater 
than 10,000 (only two cases) or a temperature greater than 101 
(3 occasions). 

It would appear that if a patient has temperature or WBC 
elevation of the magnitude described previously and if these 
persist for any significant period of time, then an abscess must be 
strongly considered. 

Our present operative approach to the patient with a suggested 
abscess is to first aspirate the mass and, if obvious purulent 
material is obtained, the abscess is drained externally. If, how- 
ever, the material is not grossly purulent but infection is still 
suspected, the material is taken to the laboratory and stained. If 
bacteria are present, the mass is again drained externally. If no 
bacteria are found, and a well-formed cyst is present, appropriate 
internal drainage is accomplished. Our experience would indicate 
that internal drainage of an abscess should be avoided. This is 
based on several cases referred to our institution following internal 
drainage of an abscess which resulted in numerous complications 


and death. 


Man-Made Gallstones: 


A New Entity Following Cardiac Valve Replacement 


K. ALVIN MERENDINO, M.D.,* AND DEV R. MANHAS, M.D.** 


N INCREASED DESTRUCTION of red blood cells is prob- 
A ably the most common side effect after insertion of 
prosthetic cardiac valves. Hemolysis in the presence of 
aortic valve prostheses has been known since 1965.321 
Usually, it is slight and compensated for by increased red 
blood cell production. Only in a few patients has a severe 
hemolytic anemia developed. Although paravalvular 
leaks, ball variance and intravascular fabrics have been 
implicated in the production of hemolysis, none of these 
is necessary. It is apparent that different prostheses have 
different constructions and different traumatic effects 
on red blood cells.* It is probable that the type and size 
are more important factors in producing hemolysis than 
other factors.® There is general agreement that turbulent 
flow and shearing forces resulting from increased and 
rapidly changing velocities and pressure, are primarily 
responsible for the hemolysis observed. Mechanical crush 
is not considered important. 
Except for those relatively few patients who develop 
an anemia which may require specific therapy or on rare 
occasions reoperation, the usual degree of hemolysis has 


Presented at the Annual Meeting of the Southern Surgical 


Association, December 4-6, 1972, Boca Raton, Florida. 

Supported in part by a U.S. Public Health Service Project 
Grant Number HL-13517, and a portion of this work ‘was con- 
ducted through the Clinical Research Facility of the University 
of Washington and supported by National Institutes of Health 
Grant Number RR-37. 

* Professor of Surgery. 

** Assistant Professor in Surgery. 

Request reprints: K. Alvin Merendino, M.D., Ph.D., Professor 
of Surgery, University of Washington School of Medicine, Seattle, 
Washington 98105. 


From the Department of Surgery and the First Surgical 
Service of the University Hospital, University of 
Washington School of Medicine, Seattle, Washington 98105 


been considered a mild process without medical signif- 
icance. 

The history of the patient to be described implies a 
significance which up to the present has been totally 
ignored. 


Case Report 


R.O., U. H. #767-12. On July 19, 1966, a 32-year-old man 
was operated upon for mitral regurgitation secondary to rheumatic 
fever. A valve replacement was performed with a Gott prosthesis, 
Postoperatively, his course was relatively unremarkable. However, 
he was noted to be slightly, but definitely jaundiced, and over a 
period of time he developed anemia. Subsequently, he was known 
to have a palpable liver, spleen and lymphocytosis. The clinical 
course and laboratory tests were such that hemolytic anemia as 
well as hepatitis secondary to blood transfusion were considered 
responsible, although no evidence, including liver biopsy ever sub- 
stantiated the latter diagnosis. Without a previous history. of any 
gallbladder complaints, signs and symptoms of recurrent, frequent 
attacks of cholecystitis developed, and in September, 1967, a chole- 
cystogram revealed gallstones, Prior to admission for elective chole- 
cystectomy, the patient had noted for some time, darkening of 
urine and increased icterus after exercise. Hematocrit was 39, 
reticulocyte count 4,6/4.0/2.0; a smear revealed a shift of the 
red blood cells; urine 4+ for hemosiderin; plasma 4.2/0.5; SGOT 
and SGPT were normal. While he exhibited an apical, systolic 
murmur grade III/VI and some fatigue and exertional dyspnea, _ 
he was working an 8# hour day, 5% days a week as an auto parts 
salesman, On 5/10/68, he underwent cholecystectomy. A thick- 
ened gallbladder was found with several bile pigment stones. 
Convalescence was uneventful. 
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Because of persistent hemolysis plus evidence of existing mitral 
regurgitation with a prosthesis which might create additional 
problems, elective replacement of the Gott valve with a Beall 
prosthesis was performed on 4/12/72. At operation, there was no 
evidence of a paravalvular Jeak, although one leaflet of the pros- 
thesis appeared incapable of closing completely, and was thought 
to be responsible for the murmurs and catheterization finding of 
mitral regurgitation. Following this aperation, all evidence of sig- 
nificant hemolysis disappeared, and he has recovered well. 


Shortly thereafter, two additional patients, both men in 
their 30's, both of whom had aortic valve replacements 
with homograft valves, exhibited evidence of aortic in- 
sufficiency. Both developed signs and symptoms of chole- 
cystitis which upon study revealed gallstones; both under- 
went cholecystectomy—one additionally, a common duct 
exploration. In both patients, bilirubin stones and/or 
sludge were found. Neither patient was anemic nor 
demonstrated any evidence of significant hemolysis. 

Because of the well-known relationship of bile pigment 
gallstones and naturally-occurring hemolytic diseases, it 
became obvious that even mild hemolysis might not be a 
benign process. Consequently, studies were initiated to 
determine the incidence of gailstones in patients with 
cardiac valve replacement, and the existence of any cor- 
relation with the degree of hemolysis. 


Materials and Methods 


Three groups were developed: A, B and C. 

Group A. This group consists of seven patients, includ- 
ing the three alluded to previously, who have had cardiac 
valve replacements and have been found subsequently, 
at either operation or autopsy to have gallstones. None 
were studied for hemolysis. Ages varied between 31 to 
63 years. All seven were men. In six, the aortic valve was 
replaced. The Starr-Edwards valve was used in four pa- 
tients. Two patients received homograft aortic valves. One 
patient had a mitral valve replacement. Five patients were 
symptomatic and were operated upon; and in two, gall- 
stones were found at autopsy. In six patients, bile pig- 


ment stones were found; in one patient, the exact nature 


of the stones is unknown. The diagnosis of bile pigment 
stones was made by the surgeon and/or pathologist by 
gross observation. No chemical analyses were done. 

These patients in Group A did not constitute a study 
group as such. This series developed as protocols were 
being established in order to address ourselves to the ques- 
tions raised. 
~ In the two study groups (B and C), all patients were 
studied for evidence of hemolysis by determinations of 
hematocrit, reticulocyte counts, total serum bilirubin, 


_ serum haptoglobin and total serum lactic-dehydrogenase, 


including the isoenzymes. The Coombs test was routinely 
done in order to identify any evidence of an immunologic 
etiology for hemolysis. The haptoglobin determinations 
were carried out after the method of Valin, et al.2° The 
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Worblewski method was used for lactic-dehydrogenase 
levels”? All other determinations followed standard hos- 
pital laboratory technics. Additionally, all patients were 
subjected to cholecystography in the usual manner. 

Group B. This group consists of 39 patients who had 
prosthetic cardiac valve replacements a minimum of 18 
months prior to study. The ages vary between 21 and 66 
years with a mean of 48 years. There were 31 men and 
eight women. The interval between valve replacement 
and study was 18 to 96 months (mean 39 months). Aortic 
valve replacement was carried out in 34 patients. Of these, 
a Starr-Edwards valve was used in 31. In two patients a 
homograft aortic valve was replaced subsequently with a 
Starr-Edwards valve; and one patient who received a 
University of Washington aortic valve had replacement 
with a Starr-Edwards valve. Mitral valve replacement was 
done in four patients. Two received a Gott valve and one 
patient each received a Cooley-Bloodwell and a Beall 
valve. One patient underwent both an aortic and mitral 
valve replacement with Starr-Edwards valves. 

Six additional patients might be considered a sub-group 
of Group B. These patients were contacted indicating 
our interest in an additional work-up and cholecystog- 
raphy. Because of the distance of the patients from Uni- 
versity Hospital, they were encouraged to have cholesys- 
tograms done locally. The films were sent to us and 
interpreted by the University radiologists. The age varied 
between 24 and 66 years, with a mean of 46 years. There 
were six men and one woman. The interval between 
valve replacement and cholecystography was 22 to 94 
months (mean 43 months). All patients had aortic 
valve replacements. Two of these six patients were found 
to have gallstones. As none of these patients had he- 
molysis studies, they are not further analyzed with the 
39 patients in Group B, and are mentioned only for in- 
terest. 

Because hemolysis is known to occur in the presence 
of valvular heart disease, it was apparent that a prospec- 
tive study of patients with valvular heart disease was 
necessary. 

Group C. This group of 23 patients is composed of indi- 
viduals with valvular heart disease studied prior to 
cardiac valve replacement. Ages varied from 25 to 70 
years with a mean of 49 years. There were 10 men and 
13 women. The aortic valve was involved in 11 patients; 
five were suffering from aortic stenosis and six from aortic 
stenosis and regurgitation. Twelve patients had prob- 
lems with mitral valve disease; mitral stenosis was seen 
in two; mitral regurgitation in three and seven had a 
mixed lesion of mitral stenosis and regurgitation. 


Results 


Haptoglobin is the serum protein which binds hemo- 
globin. Every molecule of haptoglobin can bind two 
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molecules of hemoglobin. With a hemolytic process, the 
haptoglobin level of blood will fall to nil within 24 hours 
if the amount of hemoglobin injected is sufficient to 
bind all available haptoglobin. Free hemoglobin is not 
demonstrable until more hemoglobin has been released 
than can be bound by haptoglobin. Of interest, the 
haptoglobin-hemoglobin complex is eliminated from the 
plasma without being excreted in the urine; and further 
hemoglobinemia cannot appear until the amount of hemo- 
globin liberated intravascularly exceeds the binding 
power of the haptoglobin and the reabsorption capacity 
of the tubule. Thus, the haptoglobin level is a sensitive 
index of hemolysis.” 
_ In Group B, haptoglobin was absent in 32 of 39 patients; 
decreased in two; normal in one and unknown in four 
patients. Unfortunately, some studies categorized as “un- 
known” represent data which have somehow been lost 
either in failure to properly identify the material, patient, 
etc. or lost in the hospital laboratory for a variety of rea- 
sons. While this constitutes an annoyance, seldom aré 
these data critical to the overall assessment of the ma- 
terial, 

Because of the high concentration of lactic-dehydro- 
genase in the red blood cell, its elevation is an important 
index of red blood cell lysis. Especially is this true of the 
alpha 1 and 2 isoenzymes. In 36 of 39 patients in Group 
B, the lactic-dehydrogenase was elevated, in two patients 
it was normal and unknown in one. | 

Anemia was considered to be present if the hematocrit 
was below 40% in men and 37% in women. Eight of 39 pa- 
tients in Group B were anemic, using these criteria, This 
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confirms the findings of others that while hemolysis 
occurs, it is for the most part compensated and does not 
produce an anemic state. 

The Coombs test was negative in all 39 patients, thus 


excluding an immunologic basis for the hemolysis pres- 


ent. 

In Group C, patients’ haptoglobin was absent in three, 
decreased in four, normal in nine and unknown in seven. 
The lactic-dehydrogenase levels were elevated in six, nor- 
mal in ten and unknown in seven. Anemia was present in 
five patients, absent in 16, and unknown in two. The 
Coombs test was negative in 18 and unknown in five. 

Figures 1, 2, 3 and 4 are graphic displays allowing quick 
comparison of the findings in Groups B and C. While the 
differences displayed between these two groups is striking 
regarding haptoglobin, lactic-dehydrogenase levels and 
reticulocyte counts, it is less striking though tending in the 
same direction, with total serum bilirubin levels. Tables 1 
and 2 give the exact data for the two groups. 

These studies are consistent with the findings of others, 
that some patients with valvular heart disease exhibit at 
rest; a chronic, mild hemolysis. By contrast, almost all pa- 
tients with prosthetic cardiac valve replacement exhibit at 
rest a chronic hemolysis which though still considered 
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Fic. 2, The normal range of serum-lactic-dehydrogenase is 40-200 
International units/L. 
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Fic. 3. The reticulocyte index is the reticulocyte: count corrected 
for hematocrit and immature red blood cells. Normal range, 
0.5 to 1.5%. 


mild, is of a more significant degree. Because the number 
of patients in Groups B and Cis small, no attempt has been 
made to determine whether a difference exists regarding 
the incidence and degree of hemolysis between aortic and 
mitral valve replacement. While the Starr-Edwards valve 
was the more frequently used valve, other prosthetic 
valves, though few in number, demonstrated the same pro- 
pensity for producing hemolysis. For similar reasons, no 
attempt is made here to draw comparison between the in- 
cidence and degree of hemolysis produced by stenotic, 
mixed or regurgitant lesions of the mitral or aortic valves. 

The results of cholecystography are depicted in Figure 
5. Twelve of 39 patients exhibited gallstones in Group B, 
an incidence of 31%. Three of these patients have had 
cholecystectomy; in two patients, the stones were bile 
pigment in nature and in the third the type is unknown. 
In Group C, three patients out of 23 had gallstones, an 
incidence of 13%. 

From these data, one can state categorically that the 
incidence of gallstones in patients with prosthetic cardiac 


. valves represents a several-fold increase over the average 


population of similar age, race and sex. However, conclu- 
sions based upon comparisons between Groups B and 
C are inappropriate. Except for age, the two groups are 
not identical in number or composition; they differ with 
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regard to the sex ratio and the valve involved. Further- 
more, the incidence of gallstones in Group C is subject 
to the error of a small sample. Valid comparison between 
Groups B and C must await larger study groups. 


Discussion 

In hemolytic disease, more specifically, hereditary 
spherocytosis and sickle-cell anemia, there is an increased 
incidence of gallstones. Furthermore, these stones are 
typically bile pigment stones, secondary to increased red 
cell destruction and bilirubin production. The incidence 
of gallstones in hereditary spherocytosis varies between 
43% to 85%."3 These stones can be found in the very 
young, and even at birth. In sickle- cell anemia, it is sug- 
gested that at least 33% of those over 10 years of age with 
homozygous sickle-cell disease have gallstones.1 Depend- 
ing upon your authority, this may increase to 65%. From 
studies of the incidence of gallstones in these two major 
entities, it is apparent that while gallstones may occur 
at a relatively young age, the incidence increases by 
decades. Obviously, the incidence of gallstones depends 
upon the severity of the hemolytic process and its dura- 
tion. In hereditary spherocytosis, excess red blood cell 
destruction is usually terminated by splenectomy, and 
the incidence of gallstones could be expected to decrease 
dependent upon the timing of operation. Unfortunately, 
in sickle-cell anemia, no such opportunity exists, as red 
cell destruction is not affected by any known treatment. 
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Fic. 4, Normal total bilirubin—0.1 to 0.8 mg./100 ml. 


698 MERENDINO AND MANHAS Ann. Surg. + June 1973 











TABLE 1. 
Post-Op Hematocrit Reticulocyte Bilirubin Y 
Number Patient Race Age Sex Valve Replaced Months % Count % mg./100 ml. 
1. F.C. W 53 M AV(SBE) 18 50.0  3.1/3.4/1.7 0.6/0.1 
f: cH: W 55 M AV (SE) 37 45.0 — 0.7/0.2 
3. LH: W 57 F AV (H) (SE) = 30 40.5 1.9/1.8/0.9 0.5/0.2 
4, H.R. W 63 M AV (SE) 36 45.9 1.4/1.4/1.4 0.5/0.2 
5, J.P. W 21 M AV(SE) 76 49.2 0.7/0.8/0.4 0.4/0.1 
6. O.C. W 33 M AV(SE) 40 44.8 a 0.6/0.2 
1. F.W. W 40 M MV (Gott) 12 31.0 0.9/0.6/0.6 0.4/0.1 
8. L.H. W 24 M AV (SE) 48 41.8 < 0.3/1.3 
9, P.C. W 387 M  AV(UW)(SE) 43 38.3 2.3/1.9/1.9 0.8/0.2 
10. S.D. W 41 F AV (SE) 84 38.5 2.0/1.8/1.8 0.6/0.2 
il. W.C. W 46 M AV (SE) 21 44.9 1.5/1.5/0.8 1.1 
12 R.M W 52 F MV (B) 22 44.8 1.9/1.9/1.9 0.5/0.1 
13 K.M W 37 F AV (SE) 21 38.3 0.1/0.5 
14 H.M W 45 M AV (SE) 29 46.4 1.9/1.9/1.9 0.6/0.1 
15 G.R W 54 M AV (SE) 40 38.0 ~y 
16 L.B. W 46 F AV (SE) 42 37.4 0.3/0.2 
17 M.B W 46 F  MV(CB) 25 34.4 Dati 0.1/0.2 
18 M.A W 47 M AV (SE) 31 44.8 1.8/1.9/1.0 1.1/0.4 
19 F.E W 35 M  AV(SE) 43 47.8 3.6/3.7/3.7 1.6/0.4 
20 S.E. W 66 M AV (UW) 40 49.8 1.4/1.5/1.5 1.2/0.5 
21 N.O. W 59 M AV (SE) 30 46.1 1.8/1.8/1.8 0.6/0.2 
22 M.E W 64 M AV (SE) 31 41.i 1:3/1.2/1.2 0.6/0.1 
23 W.W W 46 M AV (SE) 36 51.4 0.7/0.8/0.8 0.7/0.2 
24 LG. W 32 F AV (SE) 37 46.3 2.5/2.7/1.4 0.8/0.2 
25 Ti: W 59 M AV (SE) 35 44.1 1.8/1.7/1.7 1.4/0.6 
26 K.P Wo 49 M AV(SE) 32 44.0 1.6/1.5/0.7 0.5/0.2 
27 S.S. W 60 M AV +MV (SE) 36 48.3 1.9/2.0/1.0 1.7/0.5 
28 T.A W 58 M _ AV(SE) 28 47.1 1.2/1.3/0.7 0.6/0.3 
29 S.E W 62 M AV (SE) 26 44.4 3.1/3.0/1.5 0.6/0.1 
30 S.V W 57 M AV (H) (SE) 28 42.7 1.8/1.7/1.7 1.6/0.4 
31 L.B W 56 M AV (SE) 30 33.2 9.7/6.8/3.4 1.6/0.4 
32 D.A N 48 M MV (Gott) 24 38.0 rA 1.0 
33 B.F W 49 M AV (SE) (H) 50 50.3 0.5/0.6/0.6 0.7/0.3 
l (24) (9.7/6.8/3.4) (1.3) 
34 D.H W 41 M AV (SC) 24 48.4 12/13719 0.8/0.1 
35 Y.M W 34 M AV (SE) 82 45.9 0.5/0.5/0.5 0.5/0.1 
36 F.D W 45 M AV(SE) 36 48.9 1.1/1.2/1.2 0.9/0.3 Y 
37 T.B W 35 M AV (SE) 27 44.9 1.9/2.0/1.0 0.5/0.3 
38 U.G JA 46 M AV (SC) 18 39.1 2.1/1.8/1.8 /0.2 
39 C.J. W 65 M AV (SE) 96 31.9 2.3/1.6/0.8 0.4/0.2 
INCIDENCE of GALLSTONES With these facts in mind, it requires little imagina- 
50 With gallstones tion to correlate the observations in Group A, of pa- 
[7] Without gallstones tients previously subjected to cardiac valve replacement 
and who were subsequently found to have gallstones. The 
19 fact that all were men is in itself unusual, and even more 
X unique is that six of seven revealed bile pigment stones. 
S 30 Because bile pigment stones are encountered mainly in 
X hemolytic states, it is logical to assume, until proven other- 
à Fic. 5. (See text). wise, that a causal relationship exists between the pros- 
g 20 thetic cardiac valve, chronic hemolysis and gallstones. 
S In discussing the incidence of gallstones, one may find 
gee himself on rather treacherous ground unless one can be aoe: 
10 He (2 BES specific regarding the age group, race and sex. Newman - 
‘ole: ane Cone | et al.!2 in an extensive collective review of gross autopsy 
SERA (13%) Peares studies in the United States of approximately 95,000 pa- 
Group B Group C tients, found the incidence to be 10.8%. Horn,* on the basis 
Prosthetic Valvular 
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Group B 
LDH 
i a et ie IN E 
Coombs’ Total . 

Haptoglobin Test IU/L Alpha 1 Alpha 2 Beta Gamma 1 Gamma2 Gallstones Remarks 
Decreased Negative 445 >40.0 35.0 14.0 5.0 5.0 Absent Asymptomatic 
Absent Negative 306 28.0 33.0 18.0 10.0 11.0 Absent Asymptomatic 
Absent Negative 279 28.0 31.0 19.0 12.0 10.0 Present Sympto. X 10 yr. 

— Negative 219 31.0 38.0 18.0 7.0 7.0 Present Asymptomatic 
Absent Negative 269 33.0 37.0 16.0 7.0 7.0 Present Asympt.; pigmnt 
a stones @ opr. 
Absent Negative 313 26.0 31.0 Zi 11.0 11.0 Absent Asymptomatic 
Normal Negative 377 44.0 34.0 11.0 5.0 6.0 Absent Asymptomatic 
Absent Negative 448 42.0 35.0 12.0 4.0 5.0 Absent Asymptomatic 
Absent Negative 377 38.0 38.0 13.0 6.0 6.0 Absent Asymptomatic 
Absent Negative 279 31.0 440 14.0 6.0 5.0 Absent Asymptomatic 
— Negative — 28.0 42.0 14.0 8.0 8.0 Absent Asymptomatic 
Absent Negative 200 29.0 31.0 21.0 10.0 9.0 Absent Asymptomatic 
Negative 256 30.0 33.0 18.0 10.0 9.0 Present Sympt.; Opr. 
Absent Negative 225 38.0 35.0 15.0 6.0 6.0 Absent Asymptomatic 
Negative 175 38.0 33.0 16.0 6.0 7.0 Present Asymptomatic 
Absent Negative 326 40.2 40.2 14.8 0.7 4.1 Absent Asymptomatic 
Absent Negative 250 SAL 37.7 21.4 6.0 32 Absent Asymptomatic 
Absent Negative 406 28.6 38.4 20.7 8.7 5.7 Present Asymptomatic 
Absent Negative 262 30.5 34.2 21.9 7.1 6.3 Absent Asymptomatic 
Absent Negative 225 29.3 33.5 18.6 10.8 7.8 Absent Asymptomatic 
Absent Negative 306 36.5 33.5 18.0 7.8 5.1 Absent Asymptomatic 
Absent Negative 500 33.3 36.3 17.0 8.3 5.1 Absent Asymptomatic 

Absent Negative 419 29.3 33.7 17.4 6.5 13.0 Present Asymptomatic 
Absent Negative 300 31.3 39.2 16.6 6.9 6.0 Absent Asymptomatic 
Absent Negative 312 38.5 35.8 15.7 5.7 4.3 Present Asymptomatic 
Absent Negative 332 43.8 33.7 15.6 3.5 3.5 Absent Asymptomatic 
Absent Negative 1000 32.1 37.0 17.3 8.6 4.9 Absent Asymptomatic 
Absent Negative 312 29.4 36.5 21.9 6.5 5.8 Absent Asymptomatic 
Absent Negative 655 32:1 41.2 17.3 5.8 3.7 Preserit Asymptomatic 
Absent Negative 390 37.9 33.6 19.3 5.7 3.6 Present Asymptomatic 
Absent Negative 235 34.5 35.7 15.5 9.5 4.8 Absent Asymptomatic 
Decreased Negative 330 Absent Asymptomatic 
Absent Negative 319 24.8 34.0 19.0 9.2 13.1 Absent Asymptonrriatic 

(Absent) (Negative) (832) 

Absent Negative 212 30.9 34.5 17:9 10.0 7.3 Present Asymptomatic 

Absent Negative 452 37.0 42.0 16.0 2.5 2.5 Absent Asymptomatic 

Absent Negative 332 35.0 45.0 13.0 323 3:3 Absent Asymptomatic 

Absent Negative 281 30.2 35.5 20.7 7.4 6.2 Absent 

Absent Negative 860 35.2 39.7 15.4 4.9 4.9 Present Sympt.; Cholecystec. 
done; Pigment stones 

Absent Negative 390 29.8 36.1 18.9 6.8 6:3 Absent 











of all ages to be 5.8% and 13.2% respectively. However, be- 
cause of the age range of patients in Groups B and C, one 
must be specifically concerned with the incidence be- 
tween the ages of 31-59. In combining the series from au- 
thors, all from Western cultures, viz. Rovsing (Den- 
mark )33 Ehnmark (Sweden )!* and Horn (England),® of 
approximately 15,000 autopsies, the incidence of gall- 
stones between the ages of 31-59 varied for men between 
3% to 7% and for women from 9% to 15%. The observed 
incidence of 31% in patients with prosthetic cardiac 
valves clearly demonstrates the increased incidence 
of gallstones. The male-female ratio in Group B is ap- 
proximately 4:1. Ten of 31 men and two of eight women 
developed gallstones. If these data as they are expanded, 
exhibit the same trend, the incidence of gallstones in 
men with prosthetic cardiac valves will be 4.5 to 10 times 
the incidence of men in the same age group etc. The in- 


cidence of gallstones in women is approximately doubled. 
While the difference between the sexes may be related 
to a small sample, conceivably, a real difference may per- 
sist. A possible explanation may be the greater activity 
of men in work and exercise. All data on hemolysis in 
this and other studies have been obtained in the resting 
state. It has been clearly demonstrated that the hemolytic 
process increases with increased physical activity.14* The 
fact that two of three patients so far subjected to chole- 
cystectomy exhibited bile pigment stones (the composi- 
tion of the stones of the third patient is unknown), profiles 

again the relationship of the hemolytic process to stone 
development. One thing is clear; after taking into consid- 
eration the sex, race and age, there is an increased inci- 
dence of gallstones, and especially bile pigment stones, in 
patients with cardiac valve replacement. Only the exatt 
multiple is unclear, and awaits further study. 
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TABLE 2. 
| Reticulocyte Bilirubin 
_ Number Patient Race Age Sex Valve Het. % Count % mg./100 mi. 
1 S.H W 67 M AS 45.6 0.9/0.9*/0.9** 0.7/ | 
2 C.E Ww 58 F MS + MR 34.3 2.0/1.8/0.9 /0.1 
3 S.B. W 40 F MR 32.5 1.4/1.7/0.8 — 
4 K.C. Ww 55 F MS 38.3 1.2/1.1/1.1 0.6/ 
5 O.P. W 35 M AS + AR 41.9 1.6/1.5/0.8 0.3/0.2 
6 B, W 39 M AS 50.0 1.0/1.1/0.6 1.0/0.3 
7 R.L. WwW 41 F MS + MI 42.3 1.7/1.7/0.8 0.2/0.4 
8 D.M. N 48 M AS 42.1 1.6/1.5/0.8 1.1 
9 A.I. Ind 25 F MR 38.0 1.1/1.0/0.5 0.5 
10 V.R. W 49 M MS + MR 43.1 1.0/1.0/1.0 1.8/0.1 
il E.R. W 50 F MS 35.8 — 0.6 
12 V.F. W 45 M AS + AI 46.9 0.9/0.9/0.9 1.2/0.3 
13 P.R. W 51 M MS + MR 44.7 1.3/1.3/1.3 0.7/0.3 
14 C.M. W 43 F MS + TR 43.2 1.3/1.3/1.3 1.1/0.1 
15 L.B. wW 32 F MS + MI 42.3 ae ie ae Oe 0.6/0.3 
16 P.M. W 60 F MR 41.5 /0.5 
17 W.J. W 67 M AS 
18 R.P. W 58 F AS + AR 45.8 2.3/2.4/1.2 /0.4 
19 B.G. W 38 F MS + MR 31.8 0.4/0.3/0.2 1.0/ 
20 W.J. W 57 F AS + AI 34.7 0.7 
21 S.D. Ww 57 'M AS 44.4 /1.3 
22 M.J. W 36 M AI + AS 41.8 0.5 
23 O.H. wW 70 F AS + AI 


* corrected for hematocrit 

** corrected for hematocrit and immature cells 

Gallstones in general are of four types: the pure choles- 
terol stone which is rare, as is the calcium stone, the bile 
pigment stone which is uncommon in Western culture 
except in hemolytic disease arid the mixed stone which 
accounts for the vast majority. The mixed stone usually ap- 
pears grossly to be a cholesterol stone, however, if sec- 
tioned through its middle, almost always it exhibits a bile 
pigment center. The major constituent of bile pigment 
stones is calcium bilirubinate or a close relative. Except 
for traces of free bilirubin, the liver secretes bilirubin as 
water soluble bilirubin. Current concepts of the sequence 
of stone formation have been reviewed recently by 
Small28!® who states that the chaiige in the physical state 
of bile resulting in the formation of such stones is due to 
the increased concentration of free bilirubin to the point 
where its calcium salt precipitates from bile. Small par- 
ticles of calcium bilirubinaté can enlarge by polymer for- 
mation or by agglomeration of other particles. If the bile 
is supersaturated with cholesterol at the same time, the 
small calcium bilirubinate concentrations may act as a nu- 
cleating agent for the formation of what may apper to 
be grossly cholesterol stones. This thesis was proposed. by 
Boysen" at the turn of the century. Boysen theorized that 
this substitution of cholesterol for calcified pigment could 
reach such a degree that the pigment could be completely 
squeezed out of a stone and finally become a large white 
stone of pure cholesterol. This work was further supported 


by Rovsing"* in 1925, who in a study of gallstones in 530 
operated patients declared as a result of the examination 
of the cut surface in every stone whether facetted or round, 
“I have always found with one single exception, a black 
pigment center;” in substance, theorizing that gallstones 
are formed around a nucleus which is a small pigment 
stone with secondary cholesterol deposits. Maki® has 
worked out in biochemical formula, the sequerice of events 
depicted in Figure 6. 

The point to be emphasized is that grossly, one may see 
a pigment or a cholesterol stone. But macroscopically on 
cross section, almost without exception all gallstones re- 


Ca pbilrubinote 
stone 


Polymer extension 
or agglomeration 


Free bilirubin Calcium ee 
+ 


Conjugated §=—_g- giucuronidase bilirubincte 
shania inhibited by glucuronic Gnsoluble in 


glucaro 1,4 lactone 





Excess 
cholesterol 


Q) 


Nidus for 
cholesterol 
stone 


Maki,T, Ann. Surg. 164:90-100, 1966 


Fic. 6. (See text). 
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Group C 
LDH 
Se 
Coombs’ Total 

Haptoglobin Test IU/L Alpha 1 Alpha 2 Beta Gamma1 Gamma 2 Gallstones Remarks 
Decreased Negative 159 29 34 16 8 12 Absent 

Normal Negative 139 33 40 16 6 5 Present GB sympt. 

Stones 
Absent Negative 179 34 30 19 9 7 Present GB sympt. 
Stones 8 yr. 
Normal Negative 166 25 32 20 12 11 Absent 
Decreased Direct — ve 153 — — = == — Absent 
Indirect + ve 
Absent Negative 139 37 37 17 6 3 Present A. Comm 10 
j yr. back 

Normal Negative 213 — ce m — — Absent 
Decreased Negative 206 32 32 19 9 9 Absent 
Decreased Negative 139 26 37 22 7 8 Absent 
Normal Negative 192 — — — — — Absent 
Normal Negative 262 19 33 21 12 14 Absent 
Normal Negative — 29 32 17 11 11 Absent 
Normal Negative 194 21.0 37.0 22.0 10.0 10.0 Absent 
Normal Negative 144 35.0 33.0 18.0 7.0 7.0 Absent 
— Negative 281 22.0 38.0 19.0 12.0 9.0 Absent 
Absent 
Absent 
Normal Negative Absent 
Absent 
237 31 42 14.7 5.4 5.4 Absent 
Absent Negative 1300 34.7 40.1 13.4 4.5 7.4 Absent 
Absent 
Absent 


veal a pigmented center. Whenever a chronic hemolytic 
state exists, it is likely to be complicated by the formation 
of pigmented stones. If cholesterol deposition occurs in 
this setting, it is a secondary phenomenon dependent upon 
many factors which may affect the ratio of cholesterol, 
bile salts and lecithin. The constant occurrence of macro- 
scopic pigment in the center of mixed stones suggests that 
the primary initiating disturbance leading to stone forma- 
tion is probably related to bile pigment metabolism. This 
thesis seems appropriate for clearly defined hemolytic 
states, but is possibly equally valid in considering the 
mechanism of gallstone formation in its broadest aspect. 
Probably in this context, it is germane to speak of the inci- 
dence of gallstones rather than being exclusively con- 
cerned with the bilirubinate stone. 

The literature clearly documents the fact that a mild 
hemolytic state occurs in some patients with valvular heart 
disease. In general, when present, it is not of the same 
magnitude observed in patients with prosthetic valve re- 
placement. There seems to be a consensus that aortic val- 
vular disease is more apt to be associated with hemolysis 


. than is mitral valvular disease.*! Further, there appears to 


be an additional correlation with not only the valve in- 
volved but also the hemodynamic lesion, e.g. aortic insuffi- 
ciency is more often associated with hemolysis and to a 
greater degree than is aortic stenosis. Rubinson et al." 


have suggested that this may be due to the frequency of 
red blood cell exposure to trauma. A formula was devel- 
oped which when applied to cases of aortic insufficiency 
suggests that in mild insufficiency the red blood cell will 
have a theoretical opportunity of valve contact 1.5 times 
before it enters the systemic circulation, whereas in severe 
aortic insufficiency the red blood cell will have a theoret- 
ical valve contact of 5.7 times. It is likely that the 
turbulent flow around deformed valves is the critical 
factor. However, there are exceptions to the aforemen- 
tioned generalities. The literature documents patients 
with valvular heart disease with hemolysis sufficient to 
produce serious anemia with either aortic or mitral in- 
volvement and with either insufficiency or stenosis. These 
instances, however, are sufficiently rare to warrant case 
reports. 

Whether patients with valvular heart disease have a 
higher incidence of gallstones when compared with groups 
of similar sex, age and race, is unclear. Glenn and Redo” 
suggested a higher incidence of gallstones in patients with 
mitral stenosis. Between the age group of 26 to 45 years, 
the incidence in 206 patients was 12.6%; when only women 
were considered, the incidence was 14.8%. The significance 
of a 13% gallstone incidence in Group C of this study 
cannot be accurately assessed. There are more women 
than men, and the mitral valve is more frequently involved 
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than is the aortic. Two of 13 women and one of 11 men 
had stones. The incidence would appear to approximate 
the incidence found in autopsy studies previously de- 
scribed. Obviously, a larger study is necessary, and is in 
progress. Despite the small sample however, there is a sig- 
nificant difference (p < 0.05) between the incidence of 
stones between Groups B and C suggesting an unfavorable 
influence of an intravascular cardiac prosthesis. 


Additional Thoughts 


In hereditary spherocytosis, splenectomy essentially 
“cures” the hemolytic process, and as a consequence would 
be expected to decrease the incidence of gallstones if done 
sufficiently early in the patient’s life. The chronic, mild 
hemolytic process characteristic of the patient with a 
prosthetic valve replacement, much like the patient with 
sickle-cell anemia, is unaffected by any known medical 
means. The process proceeds constantly and unabated, It 
is only fair to assume, as with other hemolytic states ,the 
incidence of gallstones will be directly related to its sever- 
ity and duration. 

It has been demonstrated that some patients will be- 
come symptomatic and require cholecystectomy. How- 
ever, the gallbladder is only a target organ and of course 
affects not at all, the hemolytic process. Consequently, 
one should justifiably be concerned about the possibility 
of the subsequent development of pigmented stones 
and/or sludge in the common bile duct. Because the 
composition of hepatic bile is different than its concen- 
trated counterpart in the gallbladder, this would be an 
unlikely complication. However, there is no naturally- 
occurring, identical situation from which one can make 
solid assumptions. A similarity exists with sickle-cell 
anemia in that the hemolytic process cannot be altered; 
however, it is not a common disease, life expectancy is 
short and cholecystectomy is not frequently performed. 
One cannot predict with confidence whether common 
duct problems will constitute a later problem. 

From data available, patients with normally functioning 
valves and heterograft valves, do not exhibit an increased 
destruction of red blood cells. Unfortunately, when deteri- 
oration of aortic homografts occurs with the development 
of aortic regurgitation, hemolysis does occur. It is probable 
that this effect is mainly secondary to the hemodynamic 
lesion, aortic insufficiency, although alterations in valve 
structure may contribute. In our own experience, pig- 
mented gallstones have been found in patients with in- 
sufficient homograft aortic valves. However, the absence 
of hemolysis in leaflet valves when functioning properly 
must be considered an advantage. — 

Approximately 100,000 patients have been the re- 
cipients of prosthetic cardiac valves. Valves are being 
replaced daily on a world-wide basis; at a yearly rate 
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of about 30,000, Therefore, the increased incidence 
of gallstones cannot be considered an insignificant 
consequence, In this study, most patients received an 
aortic valve replacement. Probably mitral valve replace- 
ments constitute half or more of the total cardiac valve 
replacements performed. It is appreciated and confirmed 
in this study that hemolysis occurs less often and to a 
lesser degree with mitral valve replacements. To offset 
this, however, the great majority of mitral replacements 
are carried out in women who have a greater propensity 
for gallstones. The valve replacements are done in mid to 
late-middle adult life, thus minimizing the exposure to red 
cell lysis. Little comfort is gained when one realizes that 
the 31% incidence of gallstones in men with valvular pros- 
theses occurred in a group of patients followed an average 
of 39 months after operation. 

The improvements in prosthetic cardiac valves through 
the years have been significant. Sufficient sequelae persist, 
suggesting the need for some new thoughts on the prob- 
lem. Alternative procedures to replacement should always 
be seriously considered, particularly in the young. Cer- 
tainly, studies of hemolysis should constitute one impor- 
tant aspect in the evaluation of existing, and any new 
valves developed. 


Conclusions 


1. An acquired chronic hemolytic state is almost a con- 
stant sequela in the patient with a prosthetic aortic valve 
replacement. Hemolysis proceeds inexorably at a constant 
rate with superimposed exacerbation with increased 
physical activity. 

2. The patient with an aortic prosthetic cardiac valve, 
like the patient with naturally occurring hemolytic disease, 
exhibits a significant increased incidence of gallstones and 
specifically pigment stones. 

3. In the male, a 31% incidence of gallstones is 4.5 to 
10 times the expected incidence at a mean follow-up pe- 
riod of 39 months after valve implant. 

4. The hemolytic process though presumably mild, can 
no longer be considered innocuous. 

5. Unfortunately, the surgeon has unwittingly created 
an excellent experimental model for the study of gallstone 
formation. 

6. Some patients with valvular disease and prosthetic 
mitral valve replacement exhibit hemolysis, but usually in 
a milder form. The true incidence of hemolysis and gal- 
stones must await the development of larger study groups. 
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there is an increase in the cholesterol. 

Dr. Merendino, you have opened up a new area for study in 
the etiology of gallstones, and it is indeed a subject that is being 
` widely attacked today. 


Dr. CLARENCE S. WeLpon (St. Louis): I agree with Dr. 
Merendino that people who have had a heart valve replaced with 
a prosthesis also have an iatrogenically created hemolytic anemia. 
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Sometimes, however, something can be done about this. The most 
severe forms of hemolytic anemia occur whenever there is a 
periprosthetic leak. The excessive blood destruction is a conse- 
quence of the red blood cells hitting the hard components of the 
prosthesis. It is a question of how often and how hard each cell 
is struck with a hammer. The anemia is particularly severe when- 
ever blood is squirted under very high velocities through a narrow 
orifice. Therefore, the most severe forms of hemolytic anemia are 
seen in periprosthetic mitral leaks, rather than in periprosthetic 
aortic leaks. This is simply due to the fact that the velocity of 
blood through the periprosthetic mitral leak is directed by a 
gradient between peak systolic pressure in the ventricle and the 
near zero pressure in the left atrium, whereas in aortic prosthetic 
leaks, the blood stream is directed by a gradient between zero 
pressure in the ventricle and the diastolic pressure in the aorta. 

Any patient who develops a severe form of hemolytic anemia 
following mitral valve replacement or aortic valve replacement 
should be studied to ascertain whether or not a periprosthetic 
leak is present. These leaks can be prevented by varying the 
technics with which the valve is inserted and can be effectively 
repaired, 


Dr. K. Arvin MERENDINO (Closing): In text, I have quoted 
Dr. Glenn’s work which was presented to this Association in 1957 
regarding the incidence of cholelithiasis in rheumatic mitral steno- 
sis. Because of time limitation, I did not allude to it, knowing he 
planned to discuss this paper, and would do it more effectively 
than I, for which I thank him. 

Regarding the questions raised by Dr. Glenn, we have made 
no special studies of bile, et cetera; however, some partial answers 
to chess questions will be better understood by a slide which I 
will show shortly. 

With regard to Dr. Weldon’s remarks, I would like to point out 
that for the most part the setting in which pigmented stones are 
being formed is in patients with the garden variety of mild 
hemolysis, and not the more-severe hemolytic states we have 
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usually associated with perivalvular leaks, ball variance and ex- 
posed fabric. Typically, the hemolytic state is mild and compen- 
sated by increased marrow production of red blood cells. Anemia 
is uncommon. I think most are in agreement that the hemolysis 
is produced by turbulence about the prostheses, and as Dr. Weldon 
indicated, the rapidly changing increase in pressures and velocity 
is probably the major reason. Mechanical crush is of no im- 
portance. 

[Slide] While I have stressed the increased incidence of bile 
pigment stones, this is not the whole story. This slide (after 
Maki, T.) schematically depicts the presently-accepted concept 
of the primary stages of gallstone formation. Increased accumula- 
tions of free bilirubin as occurs in hemolytic states can alter the 

hysical state of bile, resulting in the precipitation of calcium 
ilirubinate ‘stones. This is the microscopic beginning of a stone, 
and it can go in two directions. By polymer extension and ag- 
glomeration, it can become a macroscopic stone of surgical sig- 
nificance as a pure bile pigment stone, or if, indeed, cholesterol 


precipitates, we may have a cholesterol deposit about a central _ 


core of calcium bilirubinate. You will recall that the maintenance 
of cholesterol solubility in gallbladder bile is dependent upon the 
ratio of cholesterol, lecithin and bile salts. It has been demon- 
strated that bile salts or acids can be rapidly absorbed in the 
inflamed gallbladder (Andrews, E. et al, Arch. Surg., 25:796, 
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1932; Riegel, et al, Am. J. Physiol., 99:656, 1932), Additionally, 
the production of cholesterol stones in the germ-free mouse fed 
a lithogenie diet indicates that bacteria are unnecessary; chole- 
cystitis occurs in the absence of bacteria (Frey, C. et Ba Am, J. 
Surg., 115:75, 1968). 

It seems reasonable that in the hemolytic state, bile pigment 
precipitates incite cholecystitis with bile salt absorption, thus 
deranging the ratio of cholesterol, lecithin and bile salts and 
resulting in cholesterol precipitation. Burdette (in a discussion of 
Frey above), observed gallstone formation in the germ-free deer 
mouse carrying the gene for spherocytosis in the absence of a 
lithogenic diet, thus providing a prototype of our clinical observa- 
tion in the hemolytic state with prosthetic valves. 

The point to be made is that whether the stone eventually 
appears as a pure bile remeni stone or a cholesterol stone is 
relatively unimportant. The fact of the matter is that almost with- 
out exception, the center of the so-called cholesterol stone is made 
up of bile pigment. 

The vast majority of gallstones, whether associated with the 
hemolytic or nonhemolytic state would appear to begin because 
of a disturbance in bile pigment metabolism. A pure cholesterol 
stone is rare. While stones may appear grossly to be cholesterol, 


they are almost universally mixed in type as alluded to above, a `P 


fact of broad significance regarding gallstone formation in general. 


Congenital Segmental Cystic Dilatation of 


EGMENTAL CYSTIC DILATATION of the biliary ductal 
S system leads to bile stasis, predisposes to bacterial 
growth and by compression of parenchymal cells, impairs 
liver function. When these lesions are due to a develop- 
mental defect in the duct wall they are referred to as 
“congenital segmental cystic dilatation of the ductal sys- 
tem” (Fig. 1). This term is applicable to both the intra- 
and extrahepatic bile ducts. Historical reports of patients 
with this condition, extending back to 1818'* and long 
dormant, have received increasing attention since Caroli 
in 1958° described in detail the distressing course of this 
condition. We agree with others*+715 that the defects 
that are the basis for segmental dilatation are congenital. 

One hundred and fifty-four years ago, in 1818, Todd** 

- reported from the Dublin Hospital a patient with a diffuse 
"cystic dilatation of the common duct. In 1904 (86 years 
later} Mayo-Robson® called attention to a specimen in 
the Hunterian Museum in London. It was described by 
him as “a large tumor of the liver constituted by dilated 
hepatic ducts which form a series of cysts within the sub- 
stance of the liver itself.” . . . . “There was no obstruction in 
the main channel.” Yotuyanagi!® in 1936 recorded a pa- 
tient with a large cystic dilatation of the common duct and 
an intrahepatic cyst of the right duct. He described the 
cyst as “the size of an apple” and microscopically as having 
a single layer of epithelium inside the cyst wall. Another 
unique and significant case report is that of McWhorter re- 
ported in 1924" and again in 1939.19 The patient, a woman 
of 49, underwent resection of a large dilated common duct. 
A cholecystectomy and choledocho-duodenostomy were 
- performed. She died at age 69. Autopsy revealed dilatation 

_of major intrahepatic ducts with “cystic degeneration.” 


Presented at the Annual Meeting of the Southern Surgical Asso- 
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There was no evidence of stricture of the hepatoduode- 
nostomy anastomotic stoma. Perhaps the most detailed 
description of congenital segmental dilatation of the intra- 
hepatic ductal system to be published prior to 1958 was 
the Medical Thesis of Roger Jacques Le Naour® in Paris 
(1941). Tsuchida and Ishida® of the University of Tokyo 
have suggested that more than 500 cases of biliary ductal 
cysts of all kinds have been recorded since Todd’s report 
in 1818. They reviewed a series of nine patients in 
Japan with dilatation of the intrahepatic bile ducts associ- 
ated with congenital cystic dilatation of the common bile 
duct. They also collected from the literature 21 additional 
patients with segmental dilatation and cyst formation of 
the intrahepatic ducts with cystic dilatation of the com- 
mon duct. 

Numerous theories have been advanced as to the origin 
and nature of these defects commonly held to be congen- 
ital. Both intra- and extrahepatic portions of the biliary 
ductal system are subject to hypoplasia in their embryolog- 
ical development. Incomplete or faulty development may 
produce a wide range of end results. At one extreme is the 
complete failure of the cord of cells in the early embryo- 
logical development to form a lumen." According to 
Langman’ there can be a lack of any part of the biliary 
ducts within the liver or extending from the liver to the 
duodenum. Gross failure in embryological development 
is sometimes manifested soon after birth. Segmental 
occurrence of this, if it be intrahepatic, may well be 
compensated for if only a portion, perhaps a third, of the 
liver is without drainage. Turnberg and associates** have 
reported on the increased bile output from a Didi 
intrahepatic cyst. 

In congenital segmental dilatation of the ductal system 


706° 


the defect in embryological development appears to be 
related to the supportive structure of the duct wall (Fig. 
2). This wall is considered to be made up of four parts or 
layers, the first, the innermost, is mucosa; the second, the 
fibromuscular; the third, a subserous coat composed of 
dense bands of elastic fibers closely interwoven; and the 
fourth, the serous coat, or peritoneum. Because of the 
nature of the fibromuscular and subserous layers they are 
regarded as the supporting ones. If they are absent or lack- 
ing in substance the other components are readily dis- 
tended. The pressure within the biliary ductal system is 
known to vary, being lowest in the interdigestive period. 
It increases when gastric contents pass into the duodenum 
and the gallbladder empties its contents into the common 
duct and thence into the duodenum. Intrahepatic cystic 
dilatations, as well as dilatations of a part or the entire 
common duct may develop as a result of the pressure 

_ changes in those patients who lack integrity in segments 
of the ductal wall. 

The demonstration of the presence of the subserous 
layer in such dilatations or cysts is difficult because of 
the attenuation by distention alone. Nevertheless the 
segmental distribution of cysts when they are multiple 
and the infrequency of a single duct and its tributaries 
being involved strongly favors this explanation. It tends 
to minimize the nerve and vascular elements as etio- 
logical factors in their genesis. On the basis that these 
defects are present at birth’? one can well justify assum- 
ing that some additional factor or factors are usually 
superimposed that lead to its symptoms or manifesta- 
tions. The numerous factors that are superimposed have 
a bearing on the flow of bile into the duodenum. Vis- 
cosity of the bile and the mechanical resistance of the 
distal common duct and its sphincter mechanism during 
the active phase of digestion may produce a significant 





Fyc. 1. Schematic drawing of congenital segmental cystic dilata- 
_ tion of the intra- and extrahepatic biliary ductal system. 
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Fic. 2. Schematic drawing indicating structure of bile duct. Most 
anatomical descriptions of the wall of the ductal system include 
four components that aré identified in the normal common duct. 
These are: mucosa; subserous layer composed of fibromuscular 
and elastic fiber elements. Microscopic examination of cyst wall 


of surgical specimens reveals an absence of subserous or fibro- 
mucular layer, 


increase in intraductal pressure. Those segments of the 
ductal system that lack the integrity of their supportive 
structure either because of deficient fibromuscular and 
subserous layers or abnormal innervation become dilated 
and appear cystic when subjected to increased pressure. 
The duration of the increased intraductal pressure is 
probably short and occurs during the period bile is pass- 
ing through the choledochoduodenal junction into the. 
duodenum, Because pressure elevations are of short dura- 
tion jaundice of the obstructive type does not develop. 
However, the repetition of the elevation of the ductal 
pressure several times a day leads to the full exploitation 
of inadequate segments to become cyst-like in structure. 


Clinical Material 


From 1941 through 1972, 15 patients with congenital 
segmental dilatation of the biliary ductal system have been _ 
observed at The New York Hospital-Cornell Medical Cen- 
ter (Table 1). There were 12 females and 3 males. The age ` 
range was from 4 months to 63 years. Segmental dilatation. 
of a part or the entire extrahepatic bile ducts was present . 
in every patient. Concomitant involvement of the intra- 
hepatic biliary tree occurred, in 10 patients. In three 
patients, insufficient data precluded a decision regarding 
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TABLE 1. Congenital Segmental Cystic Dilatation of the Biliary Ductal System 
The New York Hospital-Cornell Medical Center 
1941-1972 
Patient Duration of 
No. Age (yrs.) Symptoms Operation Result Follow-up 
P 4 mos. 32 mos. Expl. lap & I & D liver Death Post-op 
abscess 
2, 4 4 yrs. Cysto-duodenostomy Death 9 yrs. 
a: 9 3 mos. Cysto-jejunostomy Well 17 yrs. 
(Roux-Y) 
4. 20 5 days None Death 3 days (in hosp.) 
$ 72% mos. 14 mos. Cysto-jejunostomy Death 6 weeks 
6 38 3 yrs. Cysto-duodenostomy Unknown Lost 
7 63 3 yrs. Excision & Choledocho- Death 23 mos. p.o. Ca 
jejunostomy, Roux-Y 
8. 38 19 mos. Excision Well 6 yrs. 
9. 28 Asymptomatic Excision Well 5 yrs. 
10. 49 Asymptomatic Cholecystectomy & Unknown Lost 
Choledocholithotomy 
11 43 23 yrs. Cysto-duodenostomy Well 2 yrs. 
12 20 15 yrs. Hepatico-jejunostomy Well 2 yrs. 
(Longmire) 
13 24 S+ yrs Cysto-jejunostomy Well 9 mos. 
(Roux-Y) 
14. 17 2 mos Cysto-jejunostomy Well 9 mos. 
(Roux-Y) 
15 61 3 yrs Choledocholithotomy 6 mos. 


dilatation of the intrahepatic bile ducts. In the remaining 
two patients, the intrahepatic ducts were apparently 
normal. 

The duration of symptoms prior to evaluation that led 
to the diagnosis ranged from 5 days in an infant to 15 years 
in a young woman, age 20. In this small group of patients 
there was no discernible specific pattern of symptoms. 
Four of the patients were under 10 years of age. In chil- 
dren, symptoms suggestive of biliary tract disease, particu- 
larly when associated with jaundice, should suggest the 


Fic. 3A. J. H. Sex: F ie ee ‘ 
Age: 17. Patient had a / jf i p | \ 
7-week history of recur- Coe A FN 
rent episodes of upper ab- 
dominal pain. Oral chole- 
cystogram demonstrates a 
cystic dilatation of the / 
<ommon duct and a nor- | 


mal gallbladder. 


Well 





possibility of congenital segment dilatation of the biliary 
tree. In adults, the symptoms associated with this condi- 
tion are usually indistinguishable from those reported by 
patients with calculous biliary tract disease. In two pa- 
tients included in this discussion, the cystic lesions in the 
biliary tree were asymptomatic. A large cyst involving 
the extrahepatic bile ducts was palpated in the course of 
a cesarean section in a 28-year old woman. Elective ex- 
cision of the cyst was accomplished 1 year later. The other 
patient, age 49, underwent cholecystectomy and chole- 
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docholithotomy. The postoperative T-tube cholangiogram 
disclosed a small cyst at the bifurcation of the right and 
left hepatic ducts. Further operation for this cyst was not 
advised and the patient was lost to followup. It should be 
emphasized that three patients presented with liver ab- 
scesses, indicating the serious potential for infection which 
exists in the presence of bile stasis! (Fig. 3). 
Operative therapy was employed in 14 of 15 patients. 
The patient not operated upon was a 20-year-old man 
who had jaundice, abdominal pain and anorexia of 5 
days’ duration. The diagnosis at the time of admission 
was infectious hepatitis. The patient died 3 days later 
because of E. coli septicemia. Autopsy revealed con- 
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Fic. 3B. J. H. Sex: F Age: 
17. Cholangiogram at op- 
eration revealed a large 
diffuse dilatation of the 
common duct, a normal 
gallbladder and a small 
congenital segmental cys- 
tic dilatation of the right 
hepatic duct. Decompres- 
sion by choledochocysto- 
jejunostomy was done. 


genital cystic dilatation of the intra- and extrahepatic bile 
ducts with multiple liver abscesses. Another patient, age 
4 months, died following incision and drainage of a liver 
abscess. Autopsy disclosed the congenital cystic dilatation 
of the biliary tree. Two patients, aged 49 and 61, were 
operated upon for calculous biliary tract disease. The 
congenital segmental dilatation of the biliary tree was not 
appreciated in these patients until their postoperative 
cholangiograms were reviewed. One patient has been 
lost to follow-up and the other is well 6 months post- 
operatively. Definitive treatment of the cystic biliary tract 
lesions was accomplished by excision in two patients, 
cysto-duodenostomy in three patients, cysto-jejunostomy 


Fic. 4. V. B. Sex: M 
Age: 43. Operative chol- 
angiogram revealing large 
choledochal cyst and in- 
trahepatic dilatations. At 
a previous operation in 
another hospital this was 
recognized and decom- 
pressed by Malecot cathe- 
ter. A choledochocysto- 
duodenostomy was done. 
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(Roux-Y) in four patients, choledocho-jejunostomy, 
Roux-Y, in one patient and hepatico-jejunostomy ( Long- 
mire ) in one patient. 

In view of the variety of surgical procedures employed 
in the 11 patients who had had definitive treatment of the 
segmental cystic dilatations of the biliary tract, firm con- 
clusions regarding the relative merits of each procedure 
are not feasible (Fig. 4). The two patients who had ex- 
cision of choledochal cysts are alive and well, 5 and 6 years 
postoperatively. Of the three patients who underwent 
cysto-duodenostomy, one has been lost to follow-up, one 
died 9 years following operation for biliary cirrhosis and 
portal hypertension, and one is well 2 years postopera- 
tively. Cysto-jejunostomy (Roux-en-Y) was performed in 
four patients and three are alive and well from 9 months 
to 17 years postoperatively. The fourth patient, age 7% 
months, died 6 weeks following cysto-jejunostomy of in- 
testinal obstruction and hepatic cirrhosis. Another pa- 
tient, a female age 63, died 23 months after excision and 
choledocho-jejunostomy, Roux-Y for a carcinoma arising 
in a choledocho cyst and 27 years after having had the 
cyst demonstrated at the time that a cholecystectomy 
was done for cholelithiasis. The one patient subjected 
to hepatico-jejunostomy (Longmire) is symptom-free 2 
years postoperatively. 


Discussion 


Intrahepatic dilatations of the ductal system have been 
described as “cystic” involving from one to several centi- 
meters of duct, as well as “cylindrical” i.e., dilatation of the 
entire ductal system w ithin an anatomical segment of the 
liver. Patients with most types of congenital segmental 
dilatations of the biliary tree have been reported to also 
have biliary calculi. In some instances the calculi have 
been in the gallbladder, the gallbladder and common duct 
and in others calculi have been present only in the intra- 
hepatic dilatations. 

Calculous biliary tract disease may account for intra- 
hepatic dilatations in those patients in whom there has 
been injury to the ductal wall due to obstruction caused 
by calculi or excessive scar formation. Congenital dia- 
phragmatic obstruction with proximal ductal enlarge- 
ment also may account for intrahepatic calculi. In this 
treatise we are not specifically concerned with those 
patients with calculous disease that has been associated 
with these conditions just mentioned. Rather we are 
presenting a small series of patients who, we believe, 
are examples of cystic dilatation of the biliary ductal 
system not related to calculous disease. Calculi may de- 
š velop in these cysts or dilatations but are secondary and 
indeed only incidental so far as their development is 
concerned. 

In the descriptions of a large number of patients with re- 
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ported dilatations and/or cyst formation of both the intra- 
and extrahepatic bile ducts it is evident that there are 
several categories. 

These include: 


1. Cysts of the common duct. 

2. Cystic dilatation of a segment or the entire com- 
mon duct. 

3. Single and/or multiple cysts of the intrahepatic 
ducts without abnormalities of the extrahepatic 
ductal system. 

4. Intrahepatic cysts with segmental dilatations in 
the common duct. 


Sporatic reports of intrahepatic cysts prior to Caroli’s 
paper in 1958 for the most part did not dwell upon the 
etiology beeing due to a congenital defect, hypoplasia. 
Caroli emphasized that in the pure form of congenital 
intrahepatic cystic dilatation of the ductal system that 
the common duct frequently was moderately dilated. 
The term Caroli’s disease has come to be applied to this 
group. It is our contention that the basic defect, hypo- 
plasia involving chiefly the subserous part of the biliary 
ductal wall, accounts for most dilatations, cyst-like and 
cylindrical, of any part of the ductal system. We stress 
that the confusion of this problem is the result of not 
distinguishing between dilatations due to congenital 
hypoplasia and those that result from other disease 
of the biliary tract including those primarily due to calculi. 
Concomitantly it should be added that calculous disease 

may develop in patients with congenital hypoplasia and 
may add to the extent of liver damage as a result of 
mechanical obstruction and its common accompaniment, 
infection. 

The surgical treatment of congenital segmental cystic 
dilatation of the biliary tree is dependent upon the loca- 
tion and extent of the disease as well as the presence or 
absence of acute inflammation (Fig. 5). In those patients 
with suppurative cholangitis or hepatic abscesses, pri- 
mary consideration must be directed to drainage of the 
involved area. Definitive correction of the biliary tract 
anomaly is deferred pending subsidence of the suppura- 
tive process. 

Selection of the most appropriate form of surgical ther- 
apy in patients with congenital segmental cystic dilata- 
tion of the biliary tree should be based upon the detailed 
anatomic information obtained by operative cholangiog- 
raphy. In the jaundiced patient without evidence of 
cholangitis, preoperative percutaneous transhepatic 
cholangiograms may be obtained in place of operative 
radiographic studies of the biliary tree. Irrespective of 
the method employed, cholangiograms are essential to 
determine the location and extent of the cystic lesions, 
particularly those that are intrahepatic (Fig. 6). In addi- 
tion, they provide information regarding the presente 
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or absence of other anomalies of the biliary tree and/or 
calculi. 

Whea iechiically feasible, excision of the cystic lesion 
is the procedure of choice. The anatomic prerequisite for 
successful excision is the presence of a relatively narrow 
attachment or communication between the cyst and a 
segment of an extrahepatic bile duct. In patients with 
cystic disease confined to one lobe or segment of the 
liver, excisional therapy may take the form of partial 
hepatectomy. Kasai and associates® have called attention 
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Fic. 5. H. G. Sex: F Age: 
24, For 5 years patient 
had vague abdominal 
pain associated with nau- 
sea and occasional vomit- 
ing. Hospitalized for pan- 
creatitis (amylase 236). 
cholecystostomy was 
done on 4th day follow- 
ing admission. Cholangio- 
gram through cholecys- 
tostomy tube a few days 
later revealed large chole- 
dochal cyst with intra- 
hepatic dilatations. A 
choledocysto-jejunostomy 
(Roux-Y) was done. 


to the increased incidence of carcinoma arising in chole- 
dochal cysts and advocate excision of these lesions. One 
patient in our group who had a choledochal cyst re- 
mained symptom-free for 27 years, At operation a carci- 
noma was found at the junction of the cyst and biliary 
duct. 

Cystic lesions confined to the retroduodenal segment of 
the common duct are perhaps best treated by cysto- 
duodenostomy. In most patients, however, radiographs 
will reveal that the cystic dilatations are extensive and 


Fic. 6. M. C. Sex: F Age: 
20. For 15 years, be- 
ginning at the age of 5, 
patient was subject to 
bouts of abdominal pain. 
At age 12 she underwent 
surgery on the biliary 
tract in Germany with re- 
lief for 2 years. Symp- 
toms then returned and 
at exploration a subdią- 
phragmatic abscess was 
drained. She was again 
asymptomatic for 5 years. 
She was then admitted 
to The New York Hos-' 
pital because of chills, 
fever and right shoulder 


pain. At operation an abscess was found in both the right and left lobes of the liver. These drained into the biliary ductal system. Ex- 
tefnal drainage was established. A hepatico-jejunostomy (Longmire) was done. 
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material where infection may become established. This 
may be the cause of pancreatitis. 

There is great need for carefully documenting infor- 
mation concerning patients who have been operated 
upon for this condition. As noted, the majority of these 
patients are in the younger age group and under ordinary 
circumstances have a long life expectancy. Of signifi- 
cance, but unknown, is the degree of recovery from 
impaired liver function following decompression of the 
biliary tree. Also unanswered is the question of whether 
or not these cystic dilatations are the site of calculous 
Common Bile Duct formation after decompression. It is evident that these 
patients should be followed at frequent intervals over 
many years if sufficient data is to be obtained that will 







Duodenum ; : si $ 
e be helpful in the management of this condition. In addi- 
; IT of Treitz tion to measurement of liver function and estimation of 


liver size by scan, intravenous cholangiography and 
barium contrast studies of the cystojejunostomy stoma 
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Fic. 7. The jejunum is transected 30 cm. or more distal to the 
ligament of Treitz. The end of the distal segment as indicated 
will be anastomosed to the choledochal cyst. 


involve both the intra- and extrahepatic bile ducts. In 
these patients, it is our preference to employ cysto- 
jejunostomy side-to-end Roux-en-Y. This procedeure 
establishes decompression of the biliary tract and reduces 
the further impairment of function of liver tissue that is 
encroached upon by the cystic dilatation. The hazard of 
ascending infection is variable and unpredictable. There 
are those who believe that a stoma that is of sufficient 
size between the common duct and the intestinal tract, 
duodenum or jejunum, will not be followed by ascending 
infection. Our experience over the years does not neces- 
sarily support this view. We consider that a Roux-Y 
limb of 30 cm. and an end-to-side anastomosis does 
diminish the probability of ascending infection. The es- } 
sential features of this procedure are depicted in Fig- Sa J 

_ure 7 and Figure 8. The cysto-jejunostomy stoma is estab- a 

lished in the distal dependent portion of the cystic dilata- 

tion and proximal to the choledochoduodenal junction. 3 ans eiia gone T para ea peat eels Sb 
Any appreciable segment of common duct distal to the A E o ea aet ias pipan a with a ip 30 em. 
anastomosis may be the site of accumulation of sediment or more from the entero-enterostomy. 





712 


are helpful in the follow-up evaluation of these patients. 
From presently available data, it is reasonable to assume 
that some patients with cystic dilatation of the biliary tree 
will require secondary operations. In those patients who 
develop cholangitis that persists despite antimicrobial 
therapy, consideration is to be given to revision of the 
cystoenterostomy and construction of a longer Roux-Y 
segment of jejunum. In addition, one must consider the 
possibility of an intrahepatic abscess in patients who 
exhibit signs of sepsis following biliary intestinal anas- 
tomoses. These may be drained to the exterior without 
molesting the common duct. The sparse autopsy data 
presently available indicate that patients who have died 
from this condition have had (1) suppurative cholangitis 
and hepatic abscesses; (2) cirrhosis of the liver, only 
occasionally accompanied by portal hypertension; (3) 
disease of the pancreas ranging from chronic pancreatitis 
to atrophy of the gland secondary to obstruction and 
associated with a deficiency of the external secretion. 


Summary 


Congenital segmental cystic dilatation of the biliary 
ductal system until recently has been infrequently re- 
ported. As roentgenological visualization of the biliary 
tract has become common, particularly in the course of 
surgical operations on the gallbladder and common duct, 
the diagnosis has become more readily established. A 
group of 15 patients with this condition are reported 
from the experience of the surgeons at The New York 
Hospital-Cornell Medical Center, together with a review 
of reports gleaned from the literature. The clinical mani- 
festations so closely resemble those of calculous biliary 
tract disease that at present the diagnosis is dependent 
almost entirely upon cholangiographic findings. 

The concept is advanced that the congenital defect in 
the ductal system is primarily one of hypoplasia or aplasia 
of the fibromuscular components of the submucosal and 
subserosal layers of the duct wall. This is compatible 
with the frequent involvement of both the intra- and 
extraphepatic bile ducts in these patients. 

Decompression of the biliary tree has been accom- 
plished in most patients by cysto-jejunostomy with a long 
limb (30 cm.) Roux-en-Y. Fewer patients have been 
treated by excision of the cystic dilatation or cysto- 


DISCUSSION 


Dr. James E. Pripcen (San Antonio): Dr. Glenn’s presenta- 


tion today is certainly another classic in the archives of biliary 


surgery. 

We would like to agree with Dr. Glenn’s contention that these 
cyséic dilatations inside the substance of the liver are similar to 
the same type of process which occurs in the common bile duct 
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duodenostomy. These patients require prolonged and 
close observation postoperatively. 
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and in the hepatic ducts outside the substance of the liver. Caroli 
has talked and written about this repeatedly since 1958, describ- 
ing these cystic dilatations in the liver. However, there had been 
many others before him who described this process; so that his 
article, which originated in "58, actually compiled the different 
forms of information previously reported. 

We feel that the dilatations of the bile duct, whether they 
occur in the liver, outside the liver, or in a combination, are 
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simply three variations of the same type of congenital anomaly. 

I would like to show two slides to support this contention. It 
bears on a portion of Dr. Glenn’s discussion. 

[Slide] The first slide is a cholangiogram—about the 13th 
cholangiogram that was made on this patient. It demonstrates 
the left hepatic duct, for the first time containing multiple stones. 
We have recommended that, since the patient had no stones in 
the right hepatic, this left lobe be removed. This was done, along 
with a choledochojejunostomy, a Roux-Y type technic at the 
Wilford Hall USAFB Medical Center in San Antonio. I saw this 
patient immediately after the next one I will show, and we had 
the courage to recommend this procedure. 

[Slide] This was the other case. This is about the 12th T-tube 
cholangiogram, which demonstrated for the first time the pres- 
ence of the left hepatic duct. The radiologist has dubbed in the 
stones there. Both of these patients had had multiple operations 
on the common bile duct for recurrent stones. 

I wrote Dr. Glenn about this case, and he was kind enough to 
suggest the possibility of a left lobectomy if there were no stones 
in the right lobe. So we did this procedure about two and a half 
years ago, and the patient has done well. 

The second case came along, fortunately, right after this, and 
we used the same technic there, done by the surgeons at Wilford 
Hall USAFB Medical Center in San Antonio. 

One other thing on which we agree with Dr. Glenn is that the 
transhepatic cholangiogram can be effective in making the diag- 
nosis of this condition, after a negative oral cholangiogram, i.v. 
cholangiogram, operating table cholangiogram, and T-tube chol- 
angiograms have all presented repeated false negative examination. 


Dr. JOHN Beat (Chicago): The pathogenesis of the problem 
as described by Dr. Glenn is intriguing, and I recommend a very 
careful study of the manuscript when it appears. It is a fascinating 
and very carefully conceived study. 

Congenital dilatation of the common duct is uncommon. Until 
5 years ago there had been just over 500 cases of choledochal 
cyst reported in the literature. Since Caroli’s report in 1958 there 
have been only between 15 and 20 cases of the intrahepatic t pe, 
so that this latter problem of the segmental intrahepatic dilata- 
tion is really very unusual. The rarity of the condition makes 
selection of the proper type of treatment difficult. 

Our experience is quite limited but it does support the con- 
clusion that Dr. Glenn has drawn from a more extensive series, 

We became interested in this problem in 1968, when we had a 
35-year-old man admitted to the Veterans Hospital with 5 weeks’ 
of biliary symptoms. He came into the hospital with what ap- 
peared to be cholangitis and a fever of 106 F. Thinking that he 
had cholangitis, he was operated upon and was found to have 
infected bile. When the T-tube cholangiogram was performed, 
he was discovered to have marked cystic dilatation of the intra- 
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hepatic biliary system, more marked than you have seen on the 
screen today. 

While the T-tube drainage did not appear to be effective, a 
sphincterotomy was done, although the common duct itself was 
not markedly dilated. He did not improve after this procedure, 
so approximately 6 weeks later a choledochojejunostomy was 
performed. 

His course was prolonged, but was one of progressive im- 
provement. Within a year his SGOT and bilirubin levels were 
normal, although he has had occasional episodes of cholangitis, 
the most recent in August. 

When seen 2 weeks ago his alkaline phosphatase was still 
elevated, but his bilirubin and SGOT levels were within normal 
limits. His weight was normal, and he is working. 

This suggests that choledochojejunostomy of the Roux-Y type 
may be the most effective means of draining this curious intra- 
hepatic cystic dilatation. 

There is one other point that I would like to comment upon, 
which was raised by the last patient Dr. Glenn mentioned. In 
our group of congenital cysts of the biliary tree, we have also 
encountered an adult patient with carcinoma in a choledochal 
cyst. In reviewing the literature it would appear that the presence 
of a choledochal cyst may well be associated with an increased 
incidence of biliary tract carcinoma, and I would like to ask 
Dr. Glenn if he thinks that this is likely. 


Dr. CHARLES K. McSuerry (Closing): I will just make a few 
brief comments regarding both Dr. Pridgen’s and Dr. Beal's 
excellent discussion. 

The question of intrahepatic stones in these patients is of 
considerable interest. All of the patients that we have studied and 
reported in the manuscript have had cystic dilatation of the intra- 
hepatic biliary tree prior to any known onset of calculous disease. 

It is true that with defects in bilirubin metabolism, perhaps of 
the variety suggested by Dr. Merendino this afternoon, intra- 
hepatic biliary stones can be primary and lead to cystic dilatation 
of segments of the intrahepatic biliary tree. This, we believe, is 
an entirely different disease entity than what we have described 
today. 

In regard to Dr. Beal’s comments, the Japanese were the first 
to report the increased incidence of carcinoma arising in cho- 
ledochal cysts and have advocated primary excision of these 
lesions. 

This problem has concerned us with respect to our recom- 
mendation of choledochojejunostomy rather than primary excision 
for most cysts. It must be remembered that many of these patients 
are young and that these cysts are extensive. To completely excise 
them requires surgical procedures of considerable magnitude and 
risk and it is for this reason that we hesitate to recommend 
primary excision, except where it is technically feasible. 


Long-Term Results of Roux-En-Y 


Hepatocholangiojejunostomy 


CARL E. LANE, M.D., JOHN L. SAWYERS, M.D., DOUGLAS H. RIDDELL, M.D., 


{i MANAGEMENT of strictures of the extrahepatic 
biliary system continues to present a difficult chal- 
lenge to the surgeon. Various operative repairs have 
been used, but the long-term results have been discour- 
aging because of the tendency for the injured bile duct 
to heal with stricture formation. Twelve years ago, the 
late James A. Kirtley, Jr., described a technic for repair 
of high hepatic bile duct strictures in which the com- 
mon hepatic duct was “fish-mouthed” and sutured open 
to Glisson’s capsule with a Roux-en-Y segment of je- 
junum attached around the proximal hepatic duct. In 
that report a 3-year follow-up of his patients revealed 
that 87.5% remained well without evidence of recur- 
rent bile duct stricture.? In this study Kirtley’s 12 pa- 
tients have been followed as long as 20 years, and ten 
additional patients have been included. 


Operative Procedure 


The procedure as described by Kirtley does not in- 
volve a mucosa-to-mucosa anastomosis. The proximal 
segment of the hepatic duct is identified and incised bi- 
laterally for a small distance so as to create both an- 
terior and posterior flaps. This is done preferably just 
distal to the junction of the right and left hepatic ducts. 
The hepatic duct is then “fish-mouthed” by suturing the 
anterior and posterior flaps to the thickened Glisson’s 
capsule. This maneuver helps prevent subsequent ste- 
nosis of the proximal hepatic duct. The jejunum is then 
transected and the distal segment brought up to the 
porta hepatis in an antecolic or postcolic fashion. The 
end of the detunctionalized jejunal segment is sutured 
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to the capsule of the liver around the “fish-mouthed” 
proximal hepatic duct using interrupted non-absorb- 
able sutures. Thus, the jejunal anastomosis is not at- 
tached to the hepatic duct itself. The Roux-en-Y is 
completed by anastomosing the proximal end of the 
transected jejunum end-to-side of the distal jejunal 
segment about 40 cm. from the hilar anastomosis ( Fig. 
1). A drainage tube has not been routinely used in this 
procedure, but a tube or stent may be placed through 
the anastomotic site if desired. 


Clinical Material 


Twenty-two patients, who had _hepatocholangio- 
jejunostomy or a closely related procedure as described 
by Kirtley, are included in this report (Table 1). There 
were 14 women, 7 men and one child, age 3% months. 
The oldest patient was an 80-year-old man. Follow-up 
studies have been obtained on all patients. The first 
operation was performed 20 years ago. 

Seventeen patients underwent hepatocholangioje- 
junostomy because of a high stricture of the hepatic 
bile duct occurring after cholecystectomy. Seven of these 
patients had concomitant common bile duct explora- 
tions while ten had removal of the gallbladder only. 
Thus, 80% of the patients apparently developed bile. 
duct strictures from an injury sustained at a previous 
operation. In four patients hepatocholangiojejunostomy 
was performed for obstruction secondary to sclerosing 
cholangitis. The infant underwent the procedure for 
biliary atresia. She is doing well 20 years after opera- 
tion. 

Previous unsuccessful attempts to repair a bile duct 
stricture had been done in 12 patients. Five patients 
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Fic. la. Technic of hepatocholangiojejunostomy Roux-en-Y, The 

. . . P . . . J ) . 
proximal hepatic bile duct is incised bilaterally to create anterior 
and posterior flaps. 


had had end-to-end bile duct anastomoses, four had 
plastic revisions of the common bile duct, and three 
had choledochojejunostomies. Development of recur- 
rent strictures caused these operations to fail. Two pa- 
tients had four previous operations each, and two pa- 
tients each had seven previous attempts at repair of 
their stricture prior to hepatocholangiojejunostomy. 


Results 


The results of hepatocholangiojejunostomy are shown 
in Table 2. Sixteen patients (73%) have maintained 
a functioning anastomosis without development of re- 
current stricture. Seven of these patients have been 
followed more than 5 years, and four patients survived 
more than 10 years since operation. 

One patient died after operation. She had undergone 
člective cholecystectomy, developed persistent postop- 
erative biliary drainage and underwent reoperation to 
repair the bile duct injury at another hospital. Kirtley 
performed a Roux-Y hepatocholangiojejunostomy in 
1956, but her hepatic function continued to deteriorate. 
She died 2 weeks after this operation with peritonitis, 
gastrointestinal bleeding and generalized sepsis. 

Recurrent strictures requiring reoperation developed 


Fic. 1b. The “fish-mouthed” hepatic duct flaps are sutured to 
the thickened hilar capsule. 


in five patients (23%). The average time between ini- 
tial hepatocholangiojejunostomy and reoperation in pa- 
tients for recurrent stricture was 4.4 years. One patient 
required reoperation for recurrent stricture twice. The 
five patients who underwent reoperation for recurrent 
stricture have been followed from 1 to 6 years and 
have generally done well. 

Cholangitis occurred in all patients who developed 
recurrent stricture but not all patients with cholangitis 
have required reoperation. Two patienets have had 
brief episodes of cholangitis which responded to anti- 
biotic treatment. A percutaneous transhepatic cholan- 
giogram in one of these patients shows normal intra- 
hepatic bile ducts and no stenosis at the site of the 
hepatocholangiojejunostomy. Reflux through the Roux- 
en-Y jejunal limb into the hepatic ducts is not believed 
to occur if the limb is 40 cm. or more in length. In- 
testinal reflux as a cause of cholangitis seems unlikely. 
Cholangitis following hepatocholangiojejunostomy is an 
ominous sign, strongly suggestive of recurrent stricture. 
Thus, 14 of the 21 surviving patients (67%) have re- 
mained free of any episodes of cholangitis or of recur- 
rent stricture. i 

Other serious complications developing in these pa- 
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Fic. lc. The posterior wall of the Roux jejunal limb is sutured 
around the hepatic duct. 


tients are listed in Table 3. Postoperative upper gas- 
trointestinal bleeding occurred in two patients within a 
few days after hepatocholangiojejunostomy. Both pa- 
tients required emergency operation and were found 
to have stress ulcers. Bleeding was controlled satisfac- 
torily by suture of the bleeding ulcers, truncal vagotomy 
and pyloroplasty. The patients have done well. The 
question may be asked if biliary diversion increases the 
incidence of acute gastrointestinal bleeding. A recent 
study by Pinkerton, Sawyers, and Foster® reported a 
significant increase in postoperative upper gastrointes- 
tinal hemorrhage from stress ulcers after hepatic resec- 
tion in those patients who had T-tube biliary diversion. 
Two other patients developed upper gastrointestinal 
hemorrhage late after hepatocholangiojejunostomy. 
Both patients had bleeding from esophageal varices 
secondary to portal hypertension from biliary cirrhosis. 
Splenorenal shunt was successfully performed in each 
patient. Each of these patients had had successful re- 
pair of the biliary obstruction without evidence of 
recurrent stricture prior to development of portal hyper- 
tension. Warren’® has emphasized that persistent bil- 
iary obstruction may lead to rapid and permanent 
hepatic damage. Surgical correction of biliary obstruc- 
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tion should not be delayed in order to prevent the de- 
velopment of biliary cirrhosis. 


Management of Recurrent Stricture 


The five patients who had reoperation for recurrent 
stricture following hepatocholangiojejunostomy devel- 
oped stricture at the site of the “fish-mouthed” hepatic 
bile duct. Scar tissue around the stump of the hepatic 
duct narrowed the lumen to a pinpoint opening. Stones 
and/or sludge were always found in the right and 
left hepatic bile ducts proximal to the stenotic opening. 

Various technics were used for management of re- 
current stricture. Kirtley had two patients who devel- 
oped recurrent strictures, He managed these by taking 
down the Roux-en-Y jejunal limb anastomosed to the 
liver, dilating the stricture, washing out stones and 
sludge and doing a repeat “fish-mouth” incision and 
suture of the hepatic duct. No stent was inserted. The 
Roux jejunal limb was then resutured to the liver cap- 
sule around the hepatic duct. The other three patients 
developing recurrent stricture were managed as shown 
in Figure 2. The Roux limb was not dismantled but 
a short longitudinal incision was made into the jejunum 
to expose the stenotic hepatic duct which was dilated. 
Stones and sludge were washed out of the intrahepa- 
tic ducts. Various tubes have been utilized as stents. In 
one patient a Warren Y-tube was inserted (Fig. 2-c). 





Fic. ld. The anastomosis to the hepatic capsule is completed and 
end-to-side jejunostomy performed. 
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Fic. 2a. Technic for managing recurrent stricture after hepato- 
cholangiojejunostomy without dismantling the anastomosis. Through 
an incision in the jejunal limb the recurrent stricture is dilated. 


A second patient had a transhepatic tube placed as 
described by Smith® (Fig. 2-d), The third patient had 
a silastic catheter inserted. The patient with the Smith 
procedure developed a second recurrent stricture at the 
same site l year after the stent was removed. The 
stent had been in place for 6 months. A similar trans- 
hepatic stent was inserted and left for 18 months, The 
stent has now been removed, and the patient is doing 





Fic. 2b, After washing out stones and sludge from the intra- 
hepatic ducts a Y-tube is inserted as a stent and brought out 


through the jejunal limb. 
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Fic. 2c. A Warren Y-tube was used successfully in one patient. 


well. The other two patients are asymptomatic, The 
procedure used in the last three patients avoids re- 
vision of the entire anastomosis to relieve obstruction 
from recurrent stricture. 


TUBE THROUGH LIVER __/f 
CAPSULE AND 
ABDOMINAL WAL, 






4 z 


Fic. 2d. A transhepatic tube as described by Smith has diso 
been used. 
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Hepatocholangiojejunostomy in 22 Patients with Hepatic Duct Stricture 





Patient Sex Age Previous Operations Operative Findings Operative Procedure Follow-Up Data Results 
1. M.L. F 62 A) Cholecystectomy Stricture of Hepatic Hepatocholangio- A) Postoperative No symptoms 
CBD Exploration Duct jejunostomy UGI hemorrhage after 1 year. 
B) Exploration with B) 15 mo. post-operative 
T-tube insertion cholangitis. 
2. W.H. F 45 A) Cholecystectomy Stricture Hepatocholangio- A) Spleno-Renal shunt No symptoms 
B) Closure of Cystic Duct Choledocholithiasis and jejunostomy 21 mo. postoperatively for 9 years. 
Remnant hepatic duct calculi B) Recurrent stricture 
C) Roux-en-Y Chole- requiring operation 
dochojejunostomy 9 yrs. post-operatively 
3. N.H F 36 Cholecystectomy Stricture of Hepatic Hepatocholangio- Postoperative Operative 
Duct jejunostomy Peritonitis with Sepsis. Death. 
Bleeding Dyscrasia 
£. 35 F 37 A) Cholecystectomy Stricture of Hepatic Hepatocholangio- Cholangitis and No symptoms 
CBD Exploration. Duct jejunostomy Reoperation 6 yrs. for 6 yrs. 
B) Plastic Revision CBD. Postoperative. B) Repair of recur- 
rent stricture. 
C) No symptoms 
for 6 yrs. 
5. F.H M 80 Cholecystectomy Stricture Hepatocholangio- No Cholangitis or No symptoms 
Stones of hepatic duct jejunostomy jaundice for 7 years. 
6. E.O.A. M 55 Cholecystectomy Stricture Hepatocholangio- No Cholangitis No symptoms 
CBD Exploration Purulent Material in jejunostomy Expired-unrelated for 14 years. 
hepatic duct. cause. 
r P DE to F 59 A) Cholecystectomy Stricture of Choledo- Hepatocholangio- Repair of Stricture A) No symptoms 
B) Seven Subsequent chojejunostomy with jejunostomy 4 years later. for 4 yrs. 
Procedures for stones. B) Recurrent stric- 
Recurrent Strictures ture with repair. 
C) No symptoms 
for 3 years. 
8: P.B F 72 None Obstruction of Common Hepatocholangio- No Cholangitis. No symptoms 
Hepatic Duct. jejunostomy for 9 months. 
Pancreatitis. Died of un- 
related cause. 
9, E.B F 45 A) Cholecystectomy Left Hepatic Duct Hepatocholangio- Spleno-Renal Shunt Lived 5 yrs. 
B) Seven Subsequent Found. jejunostomy with tube. 7 months postopera- No stricture 
Procedures for Stricture. tive-Hepatic Failure Recurrence. 
10. S.B. F 62 A) Cholecystectomy Ileum Anastomosed to Hepatocholangio- Expired Cancer of No symptoms 





B) Multiple Operations for CBD. Stones, Stricture jejunostomy Bladder. for 3 years. 
Stricture 
Discussion cedures have a significant incidence of recurrent stric- 


It is generally agreed that the best results in repair- 
ing bile duct injury are obtained when an immediate or 
very early end-to-end anastomosis is possible. This 
procedure requires the distal segment of the common 
duct to be identified and to be of adequate caliber for 
satisfactory anastomosis without inflammation or cica- 
trix. Unfortunately, the conditions for end-to-end anas- 
tomosis frequently are not present. In this situation 
the remaining proximal duct must be restored in con- 
tinuity with the gastrointestinal tract. The number and 
variety of procedures that have been described to ac- 
complish this give testimony of its difficulty. Most pro- 


ture. 

In 1944 Allen! described a procedure in which a 
Roux-en-Y segment of jejunum was brought up to the 
hepatic hilum and sutured to the capsule of the liver 
around the open proximal hepatic duct. A mucosa-to- e 
mucosa anastomosis was not performed. A rubber cath- 
eter was placed within the proximal duct and brought 
out through the limb of jejunum, thus serving as a 
stent. 

The procedure described independently by Kirtley*# 
is in essence a modification of this technic. After the 
initial “fish-mouth” procedures were done, Kirtley 
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Patient Sex Age Previous Operations Operative Findings Operative Procedure Follow-Up Data Results 
IE TG, F 72 A) Cholecystectomy Stricture—Stones. Hepatocholangio- No Cholangitis No symptoms 
CBD Exploration. jejunostomy 10 yrs. post- 
B) Choledochojejunostomy. operative. 
12... D.H: F 52 Cholecystectomy Stricture Hepatocholangio- No Cholangitis No symptoms 
CBD Exploration jejunostomy for 10 years 
Sphincterotomy followup. 
13. J.E.R. M 58 Cholecystectomy Stricture of Hepatic Hepatocholangio- Postoperative UGI No symptoms 
CBD Exploration Duct. jejunostomy Bleeding. for 12 years 
postoperatively. 
14. C.H. M 58 None Induration and Obstruc- Hepatocholangio- No Cholangitis No symptoms 
tion of Extra-Hepatic jejunostomy, Vagotomy, 6 years follow- 
Ducts. Subtotal Gastric Resec- up. 
Induration of Pancreas tion. 
(No Carcinoma) 
Severe Ulcer Disease 
15. M.G. F 79 Stricture CBD. Tube Tube Obstructed Hepatocholangio- No Cholangitis No symptoms 
into right Hepatic Duct. jejunostomy with tube. 1} years post- 
B) Tube Replacement. operative. 
16. M.R F 3} mo Hepatocholedocho- Biliary Atresia Hepatocholangio- Billroth II 20 years No symptoms 
duodenostomy. duodenostomy postoperative. 20 yrs. post- 
operative. 
17; LB. F 47 Cholecystectomy Stricture Hepatocholangio- Recurrent Stricture No symptoms 
CBD Exploration jejunostomy Requiring Operation. 14 yrs. Post- 
Warren Tube Placed. operative tube 
placement. 
18. R.G. M 59 A) Cholecystectomy Stricture Hepatocholangio- Cholangitis. 2 opera- No symptoms 
B) Plastic Revision of CBD. jejunostomy tions for Recurrent 9 mo. post- 
Stricture—9 mo.-3 yr. operatively 
Rodney Smith Pro- Last Procedure 
cedure. 
19. R.G. F 68 A) Cholecystectomy. Stricture Hepatocholangio- No Cholangitis. No symptoms 
B) T-tube Placement Cholangioduodenal jejunostomy. 15 months 
Fistula. postoperatively. 
20:. SC. F 28 Cholecystectomy Stricture of Hepatic Hepatocholangio- Cholangitis Presently Well. 
Duct. jejunostomy. 
at. Js M 22 Multiple Procedures for Stricture of CBD and Hepatocholangio- No Cholangitis. No symptoms 
Diaphragm of CBD. Hepatic Duct. jejunostomy. 13 years post- 
operatively. 
22.M.G. M 49 A) Cholecystectomy Right Hepatic Duct not Hepatocholangio- Old Cardiac Disease Congestive 
B) Plastic Revision of CBD. Connected to Intrahepatic jejunostomy to right with later Congestive Heart Failure 
Biliary System’ Hepatic Duct only. Heart Failure. No with Death 
Cholangitis or Opera- Later. 


tive Complications. 


felt that no tube or stent would be necessary. The 
“fish-mouth” procedure served to compensate for lack of 
a mucosal anastomosis when this was not possible and 
a circumferential suture line could be avoided. Smith® 
reported that a non-mucosal anastomosis between 
bowel and liver was ordinarily doomed to failure, but 
he did not widen the lumen by the “fish-mouth” tech- 
nic. Other investigators have also stressed the neces- 
sity of a stent in any biliary anastomosis. Warren’ 
states that stents should be left in place for many months 
and has kept them in over a year. 

Three patients who had Kirtley’s “fish-mouth” pro- 
cedure also had stents inserted at their initial hepa- 


tocholangiojejunostomy. Of possible significance is that 
none of these patients has required reoperation for 
stricture. In 19 patients without stents, five developed 
a recurrent stricture. This indicates that a stent may be 
of value in prevention of hepatic duct stenosis when 
a hepatocholangiojejunostomy is performed. 


Summary 


Roux-en-Y hepatocholangiojejunostomy has been 
performed for high strictures of the hepatic bile duct in 
22 patients. Follow-up studies extend to 20 years. Six- 
teen patients (73%) have had acceptable results. There 
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TABLE 2. Results of Hepatocholangiojejunostomy in 22 Patients 








Pts % 
Functioning anastomosis 16* is 
Recurrent stricture 5 23 
Operative death 1 4 





* 7 patients followed over 5 years 
4 patients followed over 10 years 


was one postoperative death. Reoperation for recur- 
rent stricture was necessary in five patients. 

Hepatocholangiojejunostomy with a Roux-en-Y je- 
junal segment and the “fish-mouth” technic of manag- 
ing the proximal hepatic duct is an effective operation 
for treatment of benign hepatic bile duct stricture when 
a mucosa-to-mucosa anastomosis cannot be done or 
fails. 
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DISCUSSION 


Dr. J. ENcLEBERT Dunpny (San Francisco): We have recently 
reviewed just under 90 common duct reconstructions over a period 
of nearly 40 years, many of these going back to the days of 
Dr. Glenn Bell, and we have found that the best results occurred 
in patients that had Roux-Y reconstructions. 

Similarly, the results of hepaticojejunostomy, not done precisely 
as Dr. Kirtley described it, but by buttressing the jejunal loop 


against the liver, without proper end-to-end mucosal sutures— . 


the results here also were superior; so much so that we believe 
that the ideal form of reconstruction today, except in the acute, 
immediately identified injury, where end-to-end does seem to 
be satisfactory, is to proceed with a choledocho- or hepatico- 
jejunostomy. 

I have a feeling that healing in the biliary tract is quite dif- 
ferent from almost any other site, and that the tendency to 
stricture formation develops over a matter of many years. 

Several of our patients had their stricture develop 15 years 
or longer after what had been a perfectly satisfactory repair. 
In one case the stricture developed 30 years after a choledo- 
choduodenostomy. 

The advantage of the Roux-Y repair is that one can approach 
the second operation very much more easily than in any other 
type of repair. In our own experience when stricture has devel- 
oped we have opened the jejunal loop, very much as was shown 
here by Dr. Riddell, and then with a probe in the stricture site 
have cut down on the stricture. Very often this stricture is just a 
thin membrane, and it can easily be converted, like a Heineke- 
Mikulicz, into a wide-open lumen. 

I believe, however, no matter how we do these operations and 
how carefully we perform them, that the patients are never en- 
tirely free from the danger of late recurrent stricture. 

When cholangitis develops, it is very tempting to treat it with 
antibiotics. There is immediate improvement. The patient is well 
for a little while—but has more trouble later. Particularly in 
ydunger patients, we are asking for the development of biliary 
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TABLE 3. 
Surviving Patients 


Pts. % 

Recurrent stricture 5 23 

Cholangitis without operation 2 10 

Upper gastrointestinal bleeding 4 19 
Stress ulcer 2 
Esophageal varices 2 

Subhepatic abscess 1 4 
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cirrhosis, portal hypertension, and a relatively short-life span. 

For this reason we feel that when cholangitis—repetitive chol- 
angitis—occurs, it must be regarded as a sign of stricture, and 
requires re-exploration, which often can be carried out in a very 
successful and gratifying way. I have a suspicion that the re- 
operation in which the slit is made in the anterior wall of the 
duct only, so that the entire posterior wall is covered with 
mucosa, will probably have a lessened incidence of restricture 
formation than a complete circular closure. 


Dr. WALTMAN Watters (Rochester): I am very happy to dis- 
cuss this paper, particularly after following Dr. Dunphy’s excel- 
lent discussion, with which I agree with one exception. I will 
speak to that in a moment, at the termination of my 2 or 3 
minutes ọf discussion of Dr. Riddell, Dr. Sawyers, Dr. Scott and 
Dr. Lane’s excellent presentation. 

There’s no need to reiterate what has been said in the program’s 
abstract; however, I have underlined three parts of it which are 
very important and worthy of favorable comment. 

In the first place, it is to be noted that we have heard a report 
of 20 or 21 patients, carefully studied, operated upon for stricture 
of the common or hepatic—common hepatic—bile ducts, over a 
period of 20 years; and this is, to my knowledge, one of the 
longest periods of follow-up of a group of such cases. 

Secondarily, the low mortality rate of 4% is admirable, and 
this, indeed, as we look at this entire picture, is a thing to be 
remembered, because anyone that can do any type of operation 
for stricture of the common or hepatic bile ducts and obtain 87% 
good or excellent results is doing a fine job, no matter what 
method of biliary intestinal anastomosis is used. If I might be 
allowed a few seconds to make a few philosophical remarks 
concerning varying operations by surgeons for the same surgical 


lesion, it would be that experience in the choice of different * 


methods is frequently the result of broader experience and better 
results in the hands of each surgeon, even those working in the 
same hospital or medical group. 

Frequently the comparative ease with which one particular 
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surgeon does the operation he chooses to use at the lowest risk 
and with the best results is the determining factor. The important 
thing, I believe, is to be able to use that method which meets 
these requirements. 

The information and the data presented to you today are 
practically identical with that which I reported on several occa- 
sions for many years in a follow-up of two series of cases that I 
had operated on, performing biliary duodenal anastomosis and 
duct to duct with a follow-up in the first group of from 1 to 5 
years; the second, from 5 to 25 years. Moreover, the conclusion 
drawn, that postoperative cholangitis, with either method, was 
the result of obstruction at the anastomoses, and not due to 
intestinal biliary reflux, was borne out in my cases. 

Choledocho- or hepaticoduodenostomy or duct-to-duct anasto- 
mosis can be done without opening into the general peritoneal 
cavity, which is not the case when one does the Roux-en-Y 
biliary jejunal anastomosis. If the patient has been operated on 
on previous occasions—and sometimes many occasions, as reported 
today—to me it is much easier and safer to approach the stricture 
of the common or hepatic bile duct without opening the general 
peritoneal cavity, which this can be easily done by dissecting 
close to the under surface of the liver until one approaches the 
hepaticoduodenal ligament. 

Moreover, in most of these cases the duodenum, and (some- 
times the hepatic flexure of the colon, the stomach) has become 
adherent to the area; and this being the case, it is easy to do 
choledocho- and hepaticoduodenostomies. 

With recurring strictures and very little common duct—or 
common hepatic duct—adjacent to where it divides into the he- 
patic ducts remains, even there it is a better and safer procedure, 
because the incidence of cholangitis is no greater than when a 
defunctionalized loop of jejunum is used, for if bile leakage 
occurs—and it does occur at times—or where there is bleeding or 
infection, the discharge of these fluids drain to the outside, rather 
than into the general peritoneal cavity with little harm resulting, 

The advantage of having this occur in this instance was demon- 
strated to me several years ago when I had to disrupt a double 
hepaticoduodenostomy which I had performed to control the 
hemorrhage from the right hepatic artery which had been injured 
at the same time the common duct was evulsed by the previously 
operating surgeon. 

So, disrupting the anastomosis quickly, because the abdomen 
was filled with blood and the patient practically in extremis, I 
quickly sutured the small linear opening in the hepatic artery. A 
similar running suture was used to close the opening in the 
duodenum leaving the ends of the two hepatic ducts open, A 
No, 28 French rubber was inserted as a drain and allowed to 
remain in place for 28 days, shortening it when bile appeared in 
the stools, which increased with lessening of external bile drainage 
which by the 28th day had completely subsided. 

The incision healed but a very large hernia developed as I 
had placed only a few sutures only to partially close it. The first 
year, as frequently happens in my experience, infrequent episodes 
of mild cholangitis developed but they then disappeared. (I have 
seen this happen many times in other cases) and the patient did 
not have further evidence of biliary obstruction. 

I repaired the hernia some years later. This case I reported I 
believe 2 years ago, when I discussed Dr. Colin Thomas’s inter- 
esting paper on the advantages of choledochoduodenostomy. (I 
had reported the case in detail previously. ) 

Presumably the two hepatic ducts had joined to the duodenum, 
apd probably as a result the pressure of that large catheter 
against it made a little opening in it. This is a very important 
case in all respects because it shows how valuable biliary duo- 





& denal anastomoses are, because I am sure that if the opportunity 


is there for bile to enter the duodenum or the attached jejunum, 
„it will do so. 

I would like to make one final point, and that is the dilatation 
of a stricture area in the common bile or hepatic duct will be 
unsuccessful because the fibrotic strictured area will again con- 
tract and obstruct unless held open by an in-dwelling prosthetic 


ROUX-EN-Y-HEPATOCHOLANGIOJEJUNOSTOMY 


721 


device, which, however, will eventually be obstructed—surrounded 
by bile pigment debris—or pass from the ductal area into the 
attached intestine. 


PROFESSOR J. PHILIP SANpDBLoM (Lausanne, Switzerland): I 
wish to stress the importance of differentiating between absolute 
indications and relative indications in biliointestinal shunts be- 
cause of the incidence of cholangitis. 

Several years ago, I studied the matter clinically and experi- 
mentally. In about 800 cases of shunts between the biliary and 
the digestive tract, the incidence of frank cholangitis was about 
20% provided that the patients were followed for at least 10 years. 
Authors who have followed their patients 5 years or less will give 
a far smaller percent of cholangitis. 

Experimentally, there is no way of avoiding chyme getting into 
the biliary tract after shunt operation. When you have bypassed 
the sphincter or Oddi, chyme will always enter, even if you do 
very long jejunal Roux-en-Y and plicate it. 

It is true that you get frank cholangitis only when you get 
strictures, and the point is to avoid getting strictures, but this is 
hard, as Dr. Dunphy pointed out. There are parts of the human 
body that tend so much to stricturing as anastomoses in the 
biliary tract. 

I would say I could find about 20 instances in which, in autop- 
sies many years after shunt operations, all showed cholangitis, 
even if only four or five patients had had clinical signs of frank 
cholangitis. The others had it without symptoms, but several had 
multiple small liver abscesses, and had been going downhill for a 
year or two. A patient can be pretty ill with liver disease without 
having frank cholangitis after a shunt operation. 

Furthermore, we have four patients with biliary cirrhosis after 
biliary shunt operations, who had to undergo portacaval shunts 
for exsanguinating hemorrhage. 

I think there must be strict indications for those shunt opera- 
tions, just as in the material that was presented here. I was very 
impressed with the results, and congratulate the authors, I just 
wanted to warn those who perform those shunt operations on 
relative indications. A circumstance that saves so many of those 
patients is that if the normal outflow tract remains open, even 
somewhat restricted, the new anastomosis will shut down in a 
year or two. 


Dr. WittiamM S. McCune (Washington, D. C.): I, too, would 
like to congratulate Dr. Riddell and the co-authors of this excel- 
lent paper on the good results which they have had in a very 
difficult situation. Dr. Frederick Coller used to say: If anyone 
has a stricture of the common bile duct and lives long enough, 
he will die of his disease, due to another stricture; and if he dies, 
he will have had an average of seven operations before death. 

It seems to me that strictures are less common than they used 
to be. I think perhaps we are being a little more careful about 
the technic of simple gallbladder removal, and I hope that it is 
having an effect. 

It is difficult to follow such distinguished discussors, but I 
would like to say a word about the 23% of patients who had 
failures after Roux-Y choledochojejunostomy. These patients often 
have had several operative procedures, and often the situation 
has become desperate. 

A 45-year-old woman was operated upon in 1955 in southern 
Illinois, had her gallbladder removed, developed a stricture which 
was repaired unsuccessfully, and was referred to Dr. Warren 
Cole in Chicago. Dr. Cole did a Roux-en-Y, direct anastomosis 
with the duct, put catheters up into the hepatic ducts, and, as 
happens to almost everyone eventually, she moved to Washington. 

When she came to Washington, I took care of her for Dr. Cole 
for a while, and finally removed the catheters. The operation was 
successful until about 1967. At that time she began to have 
recurring attacks of chills, fever, and jaundice—obvious cholangi- 
tis; obvious recurrence of the stricture. So we operated upon her, 
[slide] and we performed a percutaneous cholangiogram, first de- 
scribed, I think, by Dr. Glenn. 

It is not a very good picture, but I think you will see that this 
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is the Roux-en-Y; these are the ducts in the liver; and there is 
about an inch and a half in which, directly in the liver, there is 
no communication at all with the Roux-en-Y except a tiny sinus 
tract. 

She underwent operation in which there was no duct visible 
at all. We placed a size 18 catheter through the Roux-Y, up into 
the hepatic ducts in the liver, since the other ducts were not 
large enough for a Longmire procedure. 

We left the catheter in place for 6 months, and then removed 
it. In 1969 the whole picture recurred again. We operated on 
her again and found exactly the same situation. We finally decided 
upon a makeshift procure which has been useful in her care and 
may be useful to someone else in this situation. 

[Slide] We decided to put another catheter up into the duct, 
since there was no connection between the ducts high in the liver 
and the Roux-Y. This is a size 18 latex catheter, and extending up 
into it is a polyethylene tube which enters the tube here, [indi- 
cating] but extends all the way up to the top. This tube was 
sutured in place, and the polyethylene tube was brought around 
under the skin in the right lower quadrant. 

[Slide] In 1970 she again developed chills and fever, and by a 
simple procedure under local anesthesia the polyethylene tube 
was brought out, was irrigated, and a cholangiogram was per- 
formed. 

[Slide] This shows the picture in 1972, when she again de- 
veloped the same symptoms of cholangitis, elevated alkaline phos- 
phatase, and so forth; and we again irrigated the polyethylene 
tube with success. 

It seems to me this method may have some value in keeping 
stints open; and may be improved by the use of good polyethy- 
lene tubing with a vitalium catheter. 

We had a great misfortune, in that the catheter slipped out, 
and finally came into the colon, where it was removed; but I 
think that was because of our own error in not suturing it more 
firmly in place, Each time we approached the tube, it was com- 
pletely blocked. Each time, by irrigation under simple local 
anesthesia, we were able to get it open again. She has no cir- 
thosis, and at the present time is doing well. 


Dr. GILBERT S. CAMPBELL (Little Rock): I did not realize 
what a sense of humor Dr. John Sawyers had. I shook hands with 
him, and he handed me his manuscript, and asked me to discuss 
his paper. Obviously, this is not my field. Some people will 
wonder whether I have one; but to follow Dr. Dunphy, Dr. 
Waltman Walters, and so forth— I am going to change my dis- 
cussion a bit. It is going to be sort of a meringue, very light and 
fluffy and not a whole lot of substance. 

[Slide] This is the best we could do on this slide. This is a 
graphic illustration of an operative procedure that was committed 
on a lady in Arkansas. He used a 9 iron, I think, because ulti- 
mately, when we saw her, the gallbladder was gone. That he did 
do. The common duct was gone, and both hepatic ducts were 
cut off flush with the liver, and he took off the lateral wall of the 
second portion of the duodenum. It’s hard to get it all out any 
easier than he did. He just took what he could, you see. That is 
‘why I think this slide shows it better than anything. 

Then she went to a surgeon who did a feeding jejunostomy and 
put in sumps, and ultimately, when her physical status changed— 
I think her wallet was empty—she came to us. This was quite a 
problem in reconstruction. 

But having two smart friends, Tom Shire and Alan Thal, 
[slide] here is what we did. I was unaware of Dr. Kirtley’s work 
We used what I thought was a live sucker, an isoperistaltic 
jejunal limb, and we said this was like a catfish mouth sucking 
on a hepatic duct. This was used as an onlay patch graft, as Thal 
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has recommended in the esophagus, to reconstruct the duodenum. 
This was done 4% years ago, and she has responded quite well; 
it just shows that if there is a will there is a way. 


Dr. R. K. Gricurist (Chicago): I only wish to speak briefly 
because no one has talked about the acute problem. 

The first time a young man is seen who was operated upon 
50-odd days ago with bile pouring out of a 2-inch-wide sub- 
costal incision that is Staph positive, having chills, almost ready 
to be buried without embalming, the first thing to do, of course, 
is to divert the bile. There is a very simple procedure, at least 
it has worked for us, under local, if needed. With such a wound 
you can often reach the liver without any trouble. If you will 
simply run your finger over it, you can feel where these dilated 
bile ducts are; simply inject a 20 needle; when you get the duct, 
enlarge it and put in a catheter; and if you think you need it 
on the other side, try the same. 

This will allow the bile to be diverted, because as all of these 
instances have shown, most are almost completely obstructed 
distally. This procedure allows the patient to get back in shape 
and get rid of his infection; in this one case it took over 2 
months. 

Reconstruction can be done as described by Dr. Riddell, and 
I agree with everything he said. 

Ten years later, after operation, this patient developed the 
usual stones in his liver, and it’s a very simple thing, as Dr. 
Dunphy says, to simply go down on this. That is one of the real 
tough operations you do easily, because you just open the front 
of the. Roux-Y loop, and you are right on the stricture. You cut out 
a V, or whatever you wish, to be sure you do not have the same 
stricture recur. Eight years later it may recur, but again you can do 
it very easily. 

My point is that in the acute infection that looks like an im- 
possible mess, this little maneuver will get you out of trouble, so 
you can come back and fight when you are in better shape. 


Dr. Carr E. Lane (Closing): The difficulty of this problem is 
attested to by the great variety of ways in which this problem 
has been approached. 

Dr. Dunphy, we certainly appreciate hearing about your ap- 
proach to biliary strictures and support of hepaticojejunostomy. I 
think that it is of interest that you have seen some late strictures; 
up to 15 years from the time of the initial procedure. The 
Lahey Clinic has reported that 90% of their strictures occurred 
within 3 years of repair. Although most of the strictures we have 
followed occurred fairly soon after repair, a few became clin- 
ically evident a long time postoperatively. This serves to empha- 
size that long-term follow-up of these patients is essential. 

We also appreciate Dr. Walter’s comments and wisdom in 
regard to this problem. We agree that cholangitis is always an 
ominous sign of recurrent obstruction and that subsequent re- 
operation is usually indicated. However, we have had two patients 
who developed chills and fever suggestive of cholangitis after 
stricture repair but rapidly responded to conservative management 
without further episodes of cholangitis. Because they have con- 
tinued to do well they have not undergone reoperation. Such 
patients need to be followed very closely for evidence of further 
episodes of cholangitis as this would strongly indicate that sig- 
nificant stenosis exists. i 

Dr. Sandblom, we would also like to express an appreciation 
for sharing your vast experience with us. 

In general, we feel that this operative procedure is a useful 
tool in the armamentarium of the surgeon when faced with the 
difficult problem of high hepatic duct stricture, and when a 
mucosa to mucosa anastomosis is not feasible. 
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IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 
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sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychological: (See Special Note). 

Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg/ml., respectively. 
Each vial is supplied individually and in cartons of 10. 
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The controversial 


adenoma 


One of the most common 
lesions of the GI tract. Often 
asymptomatic. Often an 
indication of the presence 
and/or development of more 
polyps. It has a much- 
debated relationship to 
colonic cancer. Some think 
it actually degenerates into a 
carcinoma. Some think not. 
When polyps are present in 
the distal colon, the best way 


to find them is through con- 
ventional sigmoidoscopic 
examination. And, be they 
benign or malignant, the best 
therapy is removal. 


Many surgical procedures 
can contribute to temporary 
postoperative constipation. 
To help return bowel function 
to normal as quickly and as 
gently as possible, consider 
FLEET ENEMA for postopera- 
tive constipation relief. 

m Works rapidly, usually 
within 2 to 5 minutes 


E Cleanses the leftcolonand 
rectum; spares upper por- 
tions of the GI tract 

E Ready to use, easy to use, | 
completely disposable 

E Unique construction regu- 
lates flow; prevents leakage 
and reflux 

mE Anatomically correct, 
prelubricated rectal tip 
helps avoid injury to bowel 
wall 


Fleet Enema 


Fast, effective relief of 
postoperative constipation 


Contraindications: Do not use 
when nausea, vomiting, or ab- 
dominal pain is present. Warn- 
ings: Frequent or prolonged use 
of enemas may result in de- 
pendence. Take only when 
needed or when prescribed by 
a physician. Precautions: Do not 
administer to children under 
two years of age unless directed 
by a physician. 

FREE BOOKLET. A supply of a 
patient booklet, Protecting 
Yourself with a “Procto” Exami- 
nation, is available, free of 
charge, on request to C. B. 
FLEET CO., INC., P. O. Box 
1100, Lynchburg, Va. 24505. 


Flee C. B. FLEET CO., INC. 
mites Lynchburg, Va. 24505 
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more than lO years of clinical experience * 





Keflin LV. 


sodium cephalothin 


2 Gm.* in 100-ml. ampoule 


for SEOSIS ANC 
oneumMonias' 


Over the years, Keflin has been, and 
continues to be, a logical choice of surgeons 
for the treatment of sepsis and pneumonias 
with or without septicemia or shock when due 
to susceptible strains of Klebsiella, Escherichia 
coli, and Proteus mirabilis. Pseudomonas is 
resistant; many strains of enterococci, such as 
Streptococcus faecalis, are relatively resistant. 
Keflin is contraindicated in persons who have 
shown hypersensitivity to cephalosporins and 
should be used with great caution in patients 
allergic to penicillin. 


The prompt administration of Keflin has 
proved to be useful in the hospital for the 
treatment of sepsis, particularly if shock is 


present or impending. Furthermore, it may even 
be given to: 


e patients with impaired renal function, at 
reduced dosage 


e patients with low host resistance 


e those with coexisting complications, such 
as malnutrition, trauma, and malignancy 


Since the introduction of Keflin, the 
susceptibilities of commonly encountered 
organisms, as measured by in-vitro methods, 
have not changed significantly. 


“equivalent to cephalothin 
Tdue to susceptible organisms 


* Keflin was made available for clinical investigation 
early in 1962 and was marketed on September 4, 1964. 


Lilly 


Please turn page for prescribing information. 


Description: Keflin® (sodium cephalothin, 
Lilly) is a semisynthetic cephalosporin 
antibiotic for parenteral use. It is the so- 
dium salt of 7-(thiophene-2-acetamido) 
cephalosporanic acid. The sodium content 
is 55 mg. per Gm. of cephalothin. 


Actions: Microbiology—The bactericidal ac- 
tion of cephalothin results from inhibition 
of cell-wall synthesis. In-vitro and in-vivo 
activity has been demonstrated against 
strains of the following micro-organisms: 
Staphylococcus aureus (penicillin-sen- 
sitive and penicillinase-producing) 
Beta-hemolytic and other streptococci 
(many strains of enterococci, e.g., 
Streptococcus faecalis, are relatively 
resistant) 
Pneumococci 
Clostridia 
Hemophilus influenzae 
Neisseria gonorrhoeae 
Escherichia coli and other coliform bac- 
teria 
Klebsiella-Enterobacter sp. 
Proteus 
Salmonella sp. 
Shigella sp. 


Indications: Keflin is indicated in the treat- 
ment of serious infections of the respira- 
tory tract, genito-urinary tract, soft tissue 
and skin, gastro-intestinal tract, bones 
and joints, bloodstream, and cardiovascu- 
lar system due to susceptible organisms. 
Also, it has been effective in cases of peri- 
tonitis, septic abortion, and staphylococcal 
and pneumococcal meningitis. Effective- 
ness has not been established in other 
types of meningeal infection. 

Appropriate culture and susceptibility 
studies should be performed to determine 
susceptibility of the causative organism to 
Keflin. 


Contraindication: Keflin is contraindicated 
in persons who have shown hypersensitiv- 
ity to cephalosporin antibiotics. 


Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 


DRUGS, INCLUDING DEATH FROM ANAPHY.- 4 


LAXIS, HAVE BEEN REPORTED. 


Any patient who has demonstrated some A 


form of allergy, particularly to drugs, 


should receive antibiotics cautiously and , 
then only when absolutely necessary. No © 


exception should be made with regard to 
Keflin. 


Usage in Pregnancy—Safety of this prod- 
uct for use during pregnancy has not 
been established. 


Precautions: Patients should be followed 
carefully so that any side-effects or un- 
usual manifestations of drug idiosyncrasy 
may be detected. If an allergic reaction to 
Keflin occurs, the drug should be discon- 
tinued and the patient treated with the 
usual agents (e.g., epinephrine, antihista- 
mines, pressor amines, or corticosteroids). 

When Keflin is administered to patients 
with transient or persistent reduction of 
urinary output due to impaired renal func- 
tion, the total daily dose should be re- 
duced. Careful clinical observation and 
laboratory studies should be made, be- 
cause higher and more prolonged systemic 
antibiotic concentrations can occur (see 
Administration and Dosage below). 

When intravenous doses of cephalothin 
larger than 6 Gm. daily are given by in- 
fusion for periods longer than three days, 
they may be associated with thrombophle- 
bitis, and the veins may have to be alter- 
nated. The addition of 10 to 25 mg. of hy- 









taining 4 to 6 Gm. of cephalothin may re- 
duce the incidence of thrombophlebitis. 
The use of small I.V. needles in the larger 
available veins may be preferred. 

Prolonged use of Keflin® (sodium cepha- 
lothin, Lilly) may result in the overgrowth 
of nonsusceptible organisms. Constant ob- 
servation of the patient is essential. If su- 
perinfection occurs during therapy, appro- 
priate measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's or 
Fehling’s solution or with Clinitest® tab- 
lets but not with Tes-Tape® (urine sugar 
analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reactions 
resembling serum sickness, and anaphy- 
laxis have been reported. Eosinophilia and 
drug fever have been observed to be asso- 
ciated with other allergic reactions. These 
reactions are most likely to occur in pa- 
tients with a history of allergy, particu- 
larly to penicillin. 


Blood—Neutropenia and hemolytic ane- 
mia have been reported. Some individuals, 
particularly those with azotemia, have de- 
veloped positive direct Coombs tests dur- 
ing cephalothin therapy. 


Liver—Transient rise in SGOT has been 
noted. 


Kidney —Rise in BUN has been ob- 
served; however, some patients with ele- 
vated BUN at the beginning of cephalo- 
thin therapy have had values return to 
normal during treatment. 


Local Reactions—Pain, induration, ten- 
derness, and elevation of temperature 


A , 


N 


have been reported following repeated in- 
tramuscular injections. Thrombophlebitis 
has occurred and is usually associated 
with daily doses of over 6 Gm. given by 
infusion for more than three days. 


Administration and Dosage: /n adults, the 
usual dosage range is 500 mg. to 1 Gm. 
of cephalothin every four to six hours. A 
dosage of 500 mg. every six hours is ade- 
quate in uncomplicated pneumonia, fu- 
runculosis with cellulitis, and most uri- 
nary tract infections. In severe infections, 
this may be increased by giving the injec- 
tions every four hours or, when the de- 
sired response is not obtained, by raising 
the dose to 1 Gm. In life-threatening infec- 
tions, doses up to 2 Gm. every four hours 
may be required. 


In infants and children, the dosage 
should be proportionately less in accord- 
ance with age, weight, and severity of in- 
fection. Daily administration of 50 mg. 
per Kg. (40 to 80 mg. per Kg. or 20 to 40 
mg. per pound) in divided doses has been 
found effective for most infections sus- 
ceptible to Keflin. 

For additional information regarding 
dosage and administration, see package 
literature. 


How Supplied: Ampoules Keflin® (Sterile 
Sodium Cephalothin, U.S.P.), equivalent 
to 1 Gm. cephalothin, 10-ml. size, rubber- 
stoppered, in packages of 1 and eggcrate 
cartons of 25; equivalent to 2 Gm. ceph- 
alothin, 100-ml. size, rubber-stoppered, in 
packages of 1 and eggcrate cartons of 10; 
equivalent to 4 Gm. cephalothin, 50-ml. 
size, rubber-stoppered, in packages of 1 
and eggcrate cartons of 10. [013173] 





Keflin I.V. 


sodium cephalothin 


2 Gm* in 100-ml. ampoule 


*equivalent to cephalothin 


lOyears of 
CINCAI 


g Experience 


Additional information 
available to the 
profession on request. 


l Eli Lilly and Company 
` Indianapolis, Indiana 46206 


Lilly 
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PLEUR-EVAC® 
POSITIVE PRESSURE || yele opens when pressure || | = Valve closes when pressure 
RELEASE VALVE than atmosphere. 
PREVENTS TENSION || uenn || | tamesmervesscscee, 
PNEUMOTHORAX 

UNDER ANY 
CIRCUMSTANCES 












If suction is obstructed, the new valve eliminates the possibility 
of a tension pneumothorax with its potentially disastrous medi- 
astinal shift. Valve also eliminates or markedly decreases 
expulsion of water from the Suction Chamber when- 
ever the inevitable coughing occurs. Ends 
mopping up of the spill-over. 


IN CHEST DRAINAGE 
Re ee 


PLEUR-EVAC® 

FLOAT VALVE 
PRESERVES THE WATER 
SEAL NO MATTER 

HOW HIGH THE 
NEGATIVITY 

IN THE CHEST 


| Float Valve 
opens when 
patient ex- 
hales. 










Water floats 
the valve up 
into the 
closed posi- 
tion when pa- 
tient inhales 
with excessive 
negativity. 










There can never be an unimpeded flow of water from the Water 
Seal into the Collection Chamber with high inspiratory 
negativity. In addition, when water closes the Float 
Valve, the possibility of air at negative pressure 
flowing back into the chest is eliminated. 
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Four models, each containing the exclusive valves de- a al 

scribed above, provide the widest range available for "a | 

chest drainage . . . with diagnostic aids not obtainable ps 2 ss 

in any other ‘‘3-bottle’’ system. “of G 
For a demonstration at your hospital, A a 7 | = 
contact your local representative or write— | = 

KRALE LABORATORIES ae) - =) - 

Division of Deknatel LS i e 2 j £ 
Queens Village, New York 11429 = a A o 


U.S. Patents No. 3363626 & 3363627. Other U.S. Patents Pending. Corresponding Patents and Patents Pending in Foreign Countries. 


For 2000 years, catgut was 
the best absorbable suture you 
uld use. And the only. 





But that was before DEXON’ 
polyglycolic acid suture. 


Down through the centuries, gut generally did'a decent 
enough job. Generdlly. But now there's DEXON. This is a 
suture you can count on. For strength. For predictable 
absorption. For minimal tissue reaction. 
For ease of handling. 
Let your Davis & Geck salesman prove to you how 
excellent DEXON is.- He'll show you that, with DEXON, 
tomorrows suture is already here. 


The future is with 


DEXON’ 


see next page for 
complete product information 





Complete Product Information— 
Approved Official Package Insert 


DESCRIPTION DEXON'polyglycolic 
acid Suture— Synthetic, Absorbable 
is ahomopolymer of glycolic acid 
The sutures are sterile, inert, noncol- 
lagenous, nonantigenic, nonpyro- 
genic, flexible, braided, undyed 
with a natural beige color. They are 
uniform in size and tensile strength, 
but are smaller in diameter than 
Absorbable Surgical Sutures of 
equivalent tensile strength. 


ACTIONS When DEXON is placed in 
tissues, a Minimal tissue reaction 
occurs which is followed by a micro- 
scopic layer of fibrous connective 
tissue which grows into the suture 
material. Clinical experience, con- 
firmed by animal studies, revealed 
no absorption at 7 days, minimal 
absorption at 15 days, maximum 
absorption at 30 days, and essential- 
ly complete resorption after 60 to 

90 days. Therefore, the suture may be 
expected to maintain optimum 
strength during the critical early post- 
operative healing phase. 


INDICATIONS This suture may be 
used in blood vessel ligation or tissue 
repair, including skin, where absorb- 
able or nonabsorbable sutures are 
required. The suture may be removed 
or left in place until it is completely 
absorbed. 


CONTRAINDICATIONS Where ex- 
tended approximation of tissues must 
be maintained. 


WARNINGS The safe use of this 
suture in cardiovascular, neural, and 
ophthalmological surgery has not 
been established. Do not resterilize. 
Discard opened, unused sutures. 


PRECAUTIONS As with all sutures, 
acceptable surgical practice must 
be followed with respect to drainage 
and closure of infected wounds. 
DEXON polyglycolic acid Suture — 
Synthetic, Absorbable requires 
special care in placing the first knot. 
In rare instances disintegration of the 
sutures may be prolonged. 


ADVERSE REACTIONS Adverse reac- 
tions have been rare and are similar 
to those which occur with all sutures; 
they include tissue reaction or inflam- 
mation and fibrinous or granulation 
tissue. Wound separation and bleed- 
ing have occurred infrequently. 
DOSAGE AND ADMINISTRATION 

Use as required per operation. 

HOW SUPPLIED Suture sizes 6-0 
through 4. Supplied in cut lengths or 
ligating reels, non-needied or affixed 
to the various Davis & Geck 
ATRAUMATIC® needles in three 
dozen packages. Rev. 6/72 


IDG DAVIS+GECK 


American Cyanamid Company 
Pear River, N.Y 10965 


SIMPLE! QUICK! ACCURATE! 


ce 


PADGETT-HOOD 


ELECTRO - DERMATOME 


Gives uniform grafts up to 4 inches in 
width, and to any length. The Surgeon, 
using but one hand, can operate this 
lightweight instrument without assist- 
ance. EXPENDABLE KNIFE BLADE 
does not require tools. Handy switch is 
located on motor so that the Surgeon 
can control it with his index finger. En- 
tire unit can be autoclaved. Guaranteed. 


For Complete Information Write 


PADGETT DERMATOME DIVISION 
3953 BROADWAY/KANSAS CITY, MO. 64111 


CHANGE OF ADDRESS 


Change of Address: Please allow 60 days 


before date of issue for change of address. 
Notification should include the old as well 
as the new address, with indication of 
whether the change is temporary or per- 
manent. Please give the name of the Jour- 


nal, 


Send Change of Address cards to: 


ANNALS OF SURGERY 
c/o Fulfillment Manager 
East Washington Square 
Philadelphia, Penna. 19105 
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e the return 


The versatility of Phenergan can make it a useful 
medication following surgery, both in the recovery room 
and back in the ward. 

Phenergan helps you prevent and control nausea and 
vomiting associated with certain types of anesthesia and 
surgery. Also, Phenergan may be given as an adjunct to 
analgesics to help control postoperative pain* 

In addition, you can use Phenergan to help provide 
sedation. It helps allay apprehension and provide a light 
sleep from which your patients can be easily awakened. 

You can even administer Phenergan IM or IV+ 
Phenergan. Versatile. 


INJECTION 


PHENERGAN | 


(PROMETHAZINE HCI ) "e 


™ 





*Because Phenergan adds to the sedative effects of CNS de- 
pressants, including narcotics, such‘agents should either be 
eliminated or used in reduced dosage in the presence of pro- 
methazine. e 





trip a smooth; 


Indications: Promethazine HCI injection is indicated when the oral form 
is impractical for: Amelioration and prevention of allergic reactions to 
blood or plasma in patients with known history of such reactions: in 
anaphylaxis as an adjunct to epinephrine and other standard measures 
after acute symptoms have been controlled: for other uncomplicated 
allergic conditions ofthe immediate type when oral therapy isimpossible 
or contraindicated; active treatment of motion sickness: preoperative, 
postoperative and obstetric (during labor) sedation; prevention and con- 
trol of nausea and vomiting associated with certain types of anesthesia 
and surgery; as an adjunct to analgesics to control postoperative pain; 
for sedation and relief of apprehension and to produce light sleep from 
which the patient can be easily aroused: intravenously in special surgical 
situations (e.g. repeated bronchoscopy, ophthalmic surgery, poor-risk 
patients) with reduced amounts of meperidine as adjunct to anesthesia 
and analgesia 


Contraindications: Contraindicated in individuals with known hyper- 
sensitivity to promethazine. Intra-arterial injection is contraindicated. 


Warnings: The sedative action of promethazine is additive to the sedative 
effects of CNS depressants; therefore. agents as alcohol, barbiturates 
and narcotic analgesics should be eliminated or given in reduced dosage 
in presence of promethazine. When given concomitantly with pro- 
methazine reduce dose of barbiturates by at least % and dose of anal- 
gesic depressants (e.g. morphine or meperidine) by % to %. Although 
proper IV use of promethazine is well-tolerated. exercise care not to 
allow perivascular extravasation since under such circumstances chemi- 
cal irritation may occur? When used IV give in a concentration no greater 
than 25 mg./cc. and at a rate not over 25 mg./minute 


Precautions: Caution ambulatory patients againstdriving autos or operat- 
ing dangerous machinery until it is known that they do not become 
drowsy or dizzy from promethazine. Antiemetics may mask symptoms of 
unrecognized disease and thus interfere with diagnosis. Patients in pain 
who received inadequate or no analgesia have developed ‘‘athetoid- 
like” movementsofthe upper extremities following parenteral prometha- 
zine. These symptoms usually disappear on adequate control of pain. 


Adverse Reactions: Patients may occasionally complain of autonomic 
reactions, e.g. dryness of mouth, blurring of vision and rarely dizziness. 
Very rare cases have been reported where patients receiving prometha- 
zine developed leukopenia. In one instance agranulocytosis has been 
reported. In nearly every instance reported other toxic agents known to 
have caused these conditions were associated with administration of 
promethazine. Cardiovascular by-effects from promethazine have been 
rare (minor increases in blood pressure, occasional mild hypotension). 
Photosensitivity (extremely rare) contraindicates further use of pro- 
methazine or related drugs. Attempted suicides with promethazine 
resulted in deep sedation, coma. rarely convulsions and cardiorespira- 
tory symptomscompatible with depth of sedation. A paradoxical reaction 
(hyperexcitability and nightmares) has been reported in children receiv- 
ing large single doses. 


Composition: Injection—1 cc. ampuls of 25 mg./cc. and 50 mg./cc. Each 
cc. alsocontainsO.1 mg. disodium edetate.0.04 mg. calcium chloride and 
not more than 0.25 mg. sodium metabisulfite and 5 mg. phenol with so- 
dium acetate buffer. 


Wyeth Laboratories Philadelphia, Pa. 





Now! Microbicidal power 
in convenient 
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BETADINE 
Antiseptic 
GAUZE PAD 
“opoo Mormocoei Draserg 
CONTAINS ONE PAD 
i Sed AT 


BETADINE Antiseptic Gauze Pad 


Topical microbicidal dressing (3” x 9”) 
impregnated with the same active ingredient as in BETADINE 
Solution...for prevention and treatment of surface infections 


...degerming the skin and disinfecting wounds, burns, 
lacerations and abrasions. 


| EGA 
Solution 
SWAB, AID 






BETADINE 
Solution Swab Aid 


Small single-use antiseptic pad for prompt degerming of 
small skin areas prior to such procedures as injections, 
aspirations, catheterization and surgery . . . and in cuts, 
minor wounds, burns, lacerations and abrasions. 


ETADINE “disposables” 








BETADINE Antiseptic Gauze Pad 
BETADINE Solution Swabsticks 
BETADINE Solution Swab Aid 






BETADINE 


Solution Swabsticks 
Antiseptic applicator tips for | 
hard-to-reach smaller sites, in- § 
cluding folds and creases. Use for | 
degerming the skin prior to injec- 
tions, aspirations, surgery, uri- 
nary catheterization; in disinfection of skin 

in minor wounds; in preoperative oral tissue 
degerming; preparing skin for dressing changes. 


CONTAINS S SwABSTIKS ` 
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Purdue Frederick 


©COPYRIGHT 1973, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 A7004 123873 


For I.V. solutions...software replaces glassware. 
The Travenol VIAFLEX® solution container is full of advantages, even when it’s empty. 
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GLASS MEANS 
AN AIR DEPENDENT SYSTEM. 

Since rigid containers need venting to 
allow the introduction of outside air 
in order to function, the possibilities of 
air-borne contamination of sterile solu- 
tions and air embolism associated 
with pressure infusion are present. 


containers mean greater protection 

for the patient because they 

are non-air-dependent 

The closed system has no vents. VIA- 
FLEX containers collapse as they 
empty, reducing chance of embolism 
during pressure infusion. The unique 
tube-type set entry port is designed to 
prevent hands from inadvertently 
touching the point of puncture. The 
self sealing medication site means 
further reduction of chance for “touch” 
contamination. 





GLASS MEANS SHATTER. 

If dropped, it means dangerous frag- 
ments, spilled solutions and additives. 
It could shatter during pressure infu- 
sion. Glass means the possibility of 
hairline cracks that may break sterility. 
It means extra bulk and extra weight, 
to handle and to store. The hazards of 
empty bottles on the operating room 
floor. Glass means additional disposal 
problems. 


containers mean greater protection 
for all personnel because 
they're made of plastic. 


VIAFLEX containers are shatterproof. 
Easier to grasp, less likely to drop. But 
they won't break if you do drop them. 
There's no mess and dangerous frag- 
ments to be picked up. No spilled so- 
lution to make the floor slippery. They 
have no metal caps that can cut fin- 
gers, No sharp edges anywhere. 


Onn 


containers mean greater 
convenience and efficiency for all 
Lighter weight means easier, faster 
handling — from storage to setup to 
disposal. Less bulk uses less storage 
space. Store more, order less frequent- 
ly. “Empties” are soft, flat envelopes 
that go easily into any waste recep- 
tacle, even a bedside paper bag. 





see page 4 and package insert for specific prescribing information. 
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racking fo some patients. 


lution for specific directions. 
NOTE: 


WARNING: 
Do not use plastic container in series connec- 
tions. Such use could result in air embolism due 
to residual air (approximately 15 ml) being 
drawn from the primary container before ad- 
ministration of the fluid from the secondary con- 
tainer is completed. 


Morton Grove, Illinois 60053 











































a quiet litte bonus in soft plastic: Silence. 

The undisturbing silence of VIAFLEX plastic 
containers replaces the noisy clatter of glass — 
which can be annoying fo everyone and nerve- 


Ask your Travenol representative to tell you the 
whole story, including price. Let him show you 

nth: how little difference there is in cost between 
am tb, is glass and VIAFLEX containers in your hospital. 
ER There’s so much you should know about VIAFLEX 





containers. 
WARNING: 
NET E Additives may be incompatible. The introduction of additives 


to any solution, regardless of type of container, requires spe- 
cial attention, to assure that no incompatibilities result. While 
some incompatibilities are readily observed, one must 
be aware that subtle physical, chemical and pharmacologi- 
cal incompatibilities can occur. The medical literature, the 
additive package insert and other available sources of infor- 
mation should be reviewed for a more thorough understand- 
ing of possible incompatibility problems. If, in the informed 
judgment of the physician, it is deemed advisable to intro- 
duce additives into this solution, aseptic technique must be 
employed. Avoid storage of solutions so prepared. 

Do not administer unless the solution is clear. Certain solutions 
should not be administered simultaneously with blood through 
the same infusion set because of the possibility of pseudoag- 
glutination. Refer to package insert accompanying each so- 


When adding Potassium Chloride, or substances of similar 
density to the VIAFLEX container, the initial contents of both 
ports should be evacuated by squeezing them while the bag 
is inthe inverted position, followed by usual mixing procedures. 
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New Considerations in Use of Jejunoileal Bypass in Patients 


with Morbid Obesity 


H. WILLIAM SCOTT, JR., M.D., RICHARD DEAN, M.D., 


HARRISON J. SHULL, M.D., HARRY S. ABRAM, M.D., WARREN WEBB, Ph.D., 


N THE LAST FIVE YEARS we have used jejunoileal by- 
I pass in surgical treatment of over 70 patients with 
massive obesity. These. patients were selected for opera- 
tion after in-hospital appraisal of their clinical, endocrino- 
logic, metabolic, psychiatric, and body compositional 
status according to the following criteria: 

1) Obesity of. massive degree (weights two or three 
times idea] levels) of at least 5 years’ duration. 

2) Evidence from attending physician indicating fail- 
ure of dietary efforts to correct obesity over a period of 
years. 

3) Evidence from patient’s history and evaluation in- 
dicating patient’s apparent incapability to adhere to 
prescribed dietary regimen and/or exercise programs. 

4) Absence of any correctable endocrinopathy (such 
as hypothyroidism or Cushing’s syndrome) which might 
be the cause of obesity. 

5) Absence of any other unrelated significant disease 
which might increase operative risk. 

6) Presence of certain complications such as Pick- 
wickian syndrome, hyperlipidemia, adult onset of di- 
abetes, and hypertension which might be alleviated by 
significant weight reduction with intestinal bypass. 

7) Assurance of patient’s cooperation in conduct of 
pre- and postoperative metabolic and body composi- 
tional studies and prolonged follow-up evaluation. 

The end-to-side jejunoileal shunt described by Payne 


*and DeWind? was used in the first 11 patients. Because 


of dissatisfaction with some of the results in our experi- 
ence with Payne’s procedure we have used a different 


principle of jejunoileal bypass in the subsequent 62 


Presented at.the Annual Meeting of the Southern Surgical As- 
sociation, December.4-6, 1972, Boca Raton, Florida. 
Supported n part by USPHS grants AM 13749 and FR-95. 
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patients: following the new principle the jejunum was 
divided a few inches from the ligament of Treitz and 
its proximal end anastomosed to the distal end of tran- 
sected ileum a few inches proximal to the ileocecal 
valve. The long length of bypassed jejunoileum was 
drained by anastomosis of its ileal end to transverse 
colon or sigmoid.* à 

Although the optimal dimensions involved in surgical 
reduction of intestinal] absorptive functions are uncer- 
tain, empiric experience has shown that extremely 
large amounts of jejunal and ileal mucosal surface areas 
must be taken out of contact with the very large amount 
of food ingested by morbidly obsese subjects if excess 
body fat is to be effectively reduced. This study reports 
preliminary efforts to determine the optimal dimensions 
of jejunoileal bypass in surgical treatment of massive 


obesity. 


Clinical Appraisal of Patients 


Sixty-two massively obese patients who were selec- 
ted by the above criteria after careful study were sub- 
mitted to the end-to-end jejunoileal bypass procedure 
during the period July, 1970 through November, 1972. 

Ages ranged from 16 to 63 years .( average 36 years). 
There were 36 women and 24 men. There was a long 
history (5 to 10 years or more) of massive obesity re- 
fractory to dietary control in each instance. Maximal 
weights prior to operation ranged from 280 to 600 
pounds. Immediately before operation weights ranged 
from 240 to 486 pounds. One patient had been submit- 
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ted to the Payne operation 8% years previously but 
had failed to drop her weight below 260 pounds. 

Each patient was admitted to the hospital for study 
prior to operation. Baseline studies weré carried out 
with especial attention directed toward detecting pos- 
sible endocrine causes of obesity, evaluation of car- 
diopulmonary status, baseline absorptive and metabolic 
studies, psychiatric and psychologic evaluation and 
body composition studies. Endocrine studies included 
evaluation of thyroid function by determination of serum 
protein bound iodine, basal metabolic rate or Ts and 
T4 measurements. Studies of adrenal function iricluded 
plasma F determinations and 24-hour urine collections 
for measurements of 17 hydroxycorticosteroids and 17 
ketosteroids, Pulmonary studies included measurement 
of arterial Po», Poo. and pH in addition to spirometry 
for determination of respiratory rate, tidal volume, in- 
spiratory capacity, inspiratory reserve volume, forced 
vital capacity and other aspects of pulmonary function. 
Cardiovascular appraisal included roentgenograms of 
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the chest, electrocardiograms, determinatioii of serum 
lipids including cholesterol, triglycerides, phospholip- 
ids and lipoprotein electrophoretic patterns. 

In addition to an extensive dietary history, gastroenter- 
Ologic studies included X-ray examinations of the 
stomach, small bowel and colon with measurement of 
small intestinal transit time. Twelve-hour nocturnal col- 
lections of gastric juice or 2-hour basal measurements of 
gastric acid secretion were made. Intestinal absorption 
was evaluated by d-xylose tolerance tests, glucose tol- 
erance tests and in some patients vitamin A tolerance 
tests and the cobalt 60 vitamin Bis absorption tests 
(Schilling). Preoperative measurements of serum cal- 
cium, potassium, magnesium and other electrolytes as 
well as vitamins A, By, C, E, and folic acid were car- 
ried out. Dietary intakes were calculated and recorded 
and serial 3-day collections of stool with daily collec- 
tions of urine were obtained in a majority of patients. 
Thesé were analyzed for electrolytes and nitrogen and 
stools were also analyzed for fat. 

Studies of body composition included measurements 
of total body potassium by *°K whole body counting; 
total body and extracellular water, red cell and plasma 
volumes were measured by isotope dilution methods. 

Psychologie evaluation of each patient involved the 
use of standard psychologic tests, including the Min- 
nesota Multiphasic Personality Inventory, as well as 
interviews with the staff psychiatrists. 


Plan of Study 


In an effort to determine the optimal dimensions of 
the end-to-end jejunoileal bypass procedure the follow- 
ing plan has been followed in these patients. In the 
first 12 patients 12 to 18 inches of proximal jejunum 
were joined by end-to-end anastomosis to the distal 
12 inches of ileum. In ten of this group 12 inches of 
proximal jejunum were used: In the subsequent 50 pa- 
tients the proximal 12 inches of jejunum were joined 
end-to-end to the ileum 6 to 8 inches from the ileocecal 
valve. In the first 21 patients of the latter group the 
jejunum was joined to ileum 6 inches proximal to the 
ileocecal valve and in the subsequent group of patients 
the anastomosis has usually been made 8 inches from 
the ileocecal valve. In this report we shall compare the 
results of the group of ten patients who had 12 inches 
of jejunum joined to 12 inches of ileum (12 to 12) with 
those of the group who had 12 inches of jejunum 
joined to 6 inches of ileum (12 to 6) (Fig. 1). 


Operative Procedure 
Preoperative preparation included a 3 to 5-day bowel 
cleansing regimen involving liquid diet, castor oil, 
cleansing enemas and oral kanamycin. Anesthesia in 
almost all patients consisted of endotracheal fluothane 
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with bag assistance and succinyl choline intravenously 
as a muscle relaxant. For the larger patients the stand- 
ard operating table was inadequate in width and a de- 
livery table was substituted. A 15 to 20-minute scrub 
of the large redundant expanse of skin of the abdomen, 
chest, perineum and upper thighs was carried out in 
each instance with an iodine containing soap solution. 

A long transverse supraumbilical incision was used 
in most patients. The redundant fatty apron was ex- 
cised by transverse elliptical incision in a few. Rectus 
muscles were divided transversely and after entering 
the peritoneum a plastic wound protector was inserted. 
The use of large retractors coupled with liberal admin- 
istration of muscle relaxants facilitated exposure of the 
coelomic cavity. A biopsy of the liver was done as a 
routine procedure. 

The proximal jejunum was identified, placed on the 
stretch and carefully measured along its mesenteric 
border to a point 12 inches from the ligament of Treitz. 
At this point the jejunum was transected. The distal 
end was closed in two layers with nonabsorbable sutures 
and anchored to the root of the transverse mesocolon 
to prevent postoperative intussusception. The terminal 
ileum was then identified, placed on the stretch, mea- 
sured along its mesenteric border and transected in the 


_- first group of patients (12 to 12) 12 inches proximal to 


the ileocecal valve. In .the second group of patients 
(12 to 6) the ileum was transected 6 inches proximal 
to the ileocecal valve. Proximal jejunum was then an- 
astomosed to the end of the terminal ileum. In eight of 
the 12 to 12 group of patients, the anastomosis between 
proximal jejunum and terminal ileum was made be- 
neath the root of the mesentery, In these individuals 
the proximal end of the transected ileum was then 
anastomosed to the side of the transverse colon as a 
means of draining the bypassed segment of jejunoil- 
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eum. In two other patients in this group and in all of 
the patients in the 12 to 6 group the anastomosis be- 
tween proximal jejunum and terminal ileum was made 
superior to the root of the mesentery and, for drainage 
of bypassed jejunoileum, the proximal end of ileum was 
anastomosed to the side of the sigmoid colon. Mesen- 
teric defects were then carefully closed with interrupted 
nonabsorbable sutures. The appendix was removed 
routinely. Additional procedures included cholecystec- 
tomy in four patients, repair of recurrent umbilical 
hernia in one patient, resection of malignant carcinoid 
of ileum in one patient, excision of ovarian cyst in one 
patient, and tubal ligation in another. 

Prior to closure of the abdominal incision, gowns, 
gloves, instruments and drapes were changed and copi- 
ous saline lavage of the coelomic cavity and wound was 
used. The transverse incisions were closed with inter- 
rupted 0 dacron sutures to the peritoneum and poste- 
rior sheath and interrupted 0 dacron sutures to the an- 
terior rectus fascia and external oblique aponeurosis. 
Stay sutures were not used. Catheters were placed 
beneath the subcutaneous layer and exteriorized through 
stab wounds for postoperative suction drainage. The 
thick fatty layer was closed with interrupted 3-0 chromic 
catgut sutures ard the skin edges were approximated 
by vertical mattress sutures of fine dacron. Figure 2 
shows the steps in the operative procedure. 


Results 


Preoperative clinical evaluation of the 31 patients 
in this study showed a variety of abnormalities in ad- 
dition to massive obesity. 

A family history of massive obesity in individual 
parents, grandparents or siblings was elicited in about 
half of the patients. Four patients had asymptomatic 
gallstones and one young woman was found to have 
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fibroadenoma of the breast. Ten patients had glycosuria 
and diabetic glucose tolerance tests, Endocrine status 
was otherwise normal in each of the 31 patients prior 
to operation. 

Cardiac evaluation before operation showed ele- 
vated diastolic pressures in the range of 100 to 130 
mm. Hg in ten of the 31 patients. Roentgenograms of 
the chest showed no cardiac deformity in any patient. 
Electrocardiograms were within normal limits in 27 
subjects; two patients had left axis deviation; two others 
had changes suggesting old healed myocardial infarc- 
tion. Serum cholesterols were in the normal range in all 
but four subjects. Lipoprotein electrophoretic patterns 
showed these four individuals to have Fredrickson 
Type II hyperlipoproteinemia. In 12 other patients 
who had consistently elevated triglycerides, lipopro- 
tein electrophoretogram patterns were indicative of 
Fredrickson Type IV. | 

Preoperative appraisal of intestinal fat, carbohydrate 
and nitrogen absorption was normal in each patient 
prior to operation except in one woman who had had a 
previous Payne procedure with attendant elevation in 
fecal fat losses. Measurements of serum vitamin levels, 
electrolytes and hematologic functions prior to opera- 
tion in these obese patients showed no significant ab- 
normalities. 

One patient had had repeated episodes of unex- 
plained gastrointestinal bleeding. In his case and in that 
of all the other patients, except the individual who had 
had the previous Payne operation, radiologic studies 
of the gastrointestinal tract before operation showed no 
abnormalities. Small intestinal transit times as measured 
with liquid barium ranged from 1% to 4 hours. 

Preoperative psychiatric evaluation consisted of in- 
terviews directed at evaluating the patient’s life history, 
psychosocial factors related to obesity, typical defensive 
maneuvers for handling emotional conflict, response to 
other methods for treating obesity, expectations of the 
operation, attitudes toward weight loss, body image dis- 
tortions, and a mental status examination. In general no 
specific psychopathology was elicited except for under- 
lying conflicts of orality, aggression and dependency. 
The obese patients were also administered the Min- 
nesota Multiphasic Personality Inventory preopera- 
tively in order to ascertain their degree of psychopa- 
thology. A comparison group of 33 non-psychotic 
psychiatric outpatients was also assembled. From the data 
it appears that the massively obese patient is not rou- 
tinely even moderately psychiatrically disturbed. At 
most, these obese patients can be said to be somewhat 
emotionally immature and unhappy. 

Liver biopsies were taken at operation in 30 of the 31 
obese patients. Abnormal accumulations of fat, ranging 
from minimal to severe degree, were present in all but 
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three patients. In addition, two patients had early 
microscopic evidence of periportal cellular infiltration 
and lobular fibrosis. 

After operation each patient was maintained in the 
Surgical Intensive Care Unit with special attention paid 
to respiratory support and pulmonary toilet. Ventilatory 
assistance was rarely needed. Low grade fever which 
was possibly pulmonary in origin occurred in most of 
the patients for the first few days after operation, but 
no significant incidence of atelectasis or pneumonitis 
occurred. 

Nasogastric suction was discontinued 3 to 5 days 
after operation and oral liquids, usually restricted to 
1500 ml. daily, were started. In the first few days after 
institution of oral liquids multiple watery stools oc- 
curred, Low fat diet, restriction of fluids with meals and 
diphenoxylate hydrochloride in a dosage of 5 mg. 
three to four times a day or codeine 15 to 30 mg. three 
to four times a day usually resulted in control of the 
diarrhea during the early postoperative period. 

There was one postoperative fatality in this series of 
patients. This occurred in the largest patient in the 
group under study. This 486-pound man had had mul- 
tiple episodes of unexplained gastrointestinal bleeding 
before operation. At laparotomy he was found to have 
a malignant carcinoid tumor of his mid-ileum with 
metastases to nodes at the root of the mesentery. Re- 
section of involved ileum with the mesentery and 
nodes was done along with jejunoileal bypass. Unfor- 
tunately, postoperative venous thrombosis in the mes- 
entery resulted in infarction of a segment of bypassed 
ileum with the development of peritonitis, sepsis and 
fatal endotoxemia. 

In the majority of patients the recovery from opera- 
tion was uneventful. However, problems with wound 
healing occurred in almost a third of the group. Usu- 
ally these were trivial, uninfected areas of fat necrosis 
and seroma, requiring local removal of sutures and a 
few days of superficial packing to promote healing. 
Frank wound infections occurred in three patients, re- 
quiring wide opening of the skin and fatty layers of the 
wound down to the fascia and a delay in convalescence. 

Two patients who had otherwise uncomplicated post- 
operative courses developed hepatitis in the period im- 
mediately after discharge from the hospital. Symptoms 
of anorexia, nausea, weakness and malaise began about 
7 to 8 days after operation and jaundice appeared sev-. 
eral days later. In one patient these symptoms were 
mild and cleared with 2 weeks of bedrest at home. In 
the other the hepatitis was much more severe and re- 
quired rehospitalization and many weeks of supportive 
therapy for recovery. Australia antigen was negative 


_in each instance. Retrospective review of possible he- 


patotoxic factors in treatment has suggested to us that 
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the fluothane which each received as an anesthetic 
might be responsible for the hepatitis. Postoperative 
complications of jejunoileal bypass in this group of pa- 
tients are summarized in Table 1. 

After discharge from the hospital each patient has 
been followed in conjunction with the family physician 
and in our clinic. An effort has been made to have the 
patients return for both outpatient and inpatient stud- 


~ ies of their clinical result, metabolic and body composi- 


tional status, psychiatric state and degree of rehabilita- 
tion. 

Periods of follow-up in the groups under study range 
from 20 to 28 months in the 12 to 12 group and 6 to 19 
months in the 12 to 6 group, The chronology of weight 
loss after jejunoileal bypass in the two groups is illus- 
trated in graphic form in Figure 3. After the precipi- 
tant fall in weight induced by the operative procedure 
and the catabolic effects of the immediate postopera- 
tive period a majority of patients have lost weight on a 
gradual and steady basis during the period of follow-up. 
In the 12 to 12 group the maximal weight loss oc- 
curred in the first 12 months after operation. Weights ap- 
peared to stabilize thereafter in most patients. Five pa- 
tients at 20 to 24 months had dropped their weights to 
200 pounds or less while five others were still above this 
level. After losing 80 pounds, one patient has stabil- 


ized at 250 pounds. In contrast the rate of weight loss has- 


been more rapid in the 12 to 6 group. By 6 to 12 months 
after operation the weights of eight of this group have 
fallen below 200 pounds and by 12 to 18 months sev- 
eral patients have achieved their ideal weight. 

During the brief periods of follow-up in these pa- 
tients the voracious appetites and large caloric intake 
which they had before operation have largely contin- 
ued unchanged. In a few patients after 12 to 18 months 
the large appetite has gradually subsided. An excep- 
tion occurred in one patient who became anorectic, 
most likely as a result of emotional disturbances, and 
lost over 100 pounds in the first 6 months after opera- 
tion. Progressive weakness, malaise and persistent di- 
arrhea combined with difficult domestic problems 
resulted in his request for discontinuance of the jejunoil- 
eal bypass. This was done in another institution 7 
months after the bypass procedure. 


TABLE 1. WNon-fatal Postoperative Complications of Jejunoileal 
i Bypass 
(30 Patients) 


Wound Infection 3 
Subcutaneous Seroma and/or Fat Necrosis 


with Drainage 6 
Hepatitis (? Fluothane) 2 
Early Postoperative Partial Smal! Bowel 

Obstruction 1 
Thrombophlebitis 1 
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Fic. 3. Chronology of weight loss after jejunoileal bypass. 


In the 12 to 12 group the diarrhea of the first few 
weeks after operation has gradually ceased. No pa- 
tient in the group has required regular medication for 
control of diarrhea after the first 1 to 3 months. These 
patients who are now 20 to 28 months postoperative 
have one to four formed to semi-formed stools per day 
unless they indulge in excessive liquid or fat intake. 
Their experience has taught them that excessive liquid 
intake and excessive fat intake will induce diarrhea. 

In the 12 to 6 group the postoperative diarrhea has 
persisted for a slightly longer period in most of the 
patients. In four patients, including the patient who 
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was submitted to restoration of alimentary continuity, 
persistent diarrhea has required medication for its con- 
trol for periods of 6 to 17 months. However, in the ma- 
jority of this group diarrhea has ceased to be a problem 
after 4 or 5 months and medication for its control has 
not been required. 

Except for three patients in the 12 to 6 group, all pa- 
tients in both groups have returned to the occupations 
of the preoperative period and unrestricted activity. 
Twenty-four patients are currently engaged in full time 
work and three individuals are students. Among the 
three patients in whom rehabilitation has not been 
achieved are the patient who had the jejunoileal shunt 
taken down, another patient who is recuperating from 
halothane hepatitis and a third patient whose emo- 
tional problems have permitted only a return to part 
time employment. 

Metabolic parameters which were assessed prior to 
operation have been studied in the period of follow-up. 
Reduction in carbohydrate absorption is indicated by 
impairment in d-xylose tolerance in the patients in 
whom this has been measured after operation and by 
the flattening of oral glucose tolerance curves in the 
postoperative period (Fig. 4). In seven of the ten pa- 
tients with preoperative diabetic glucose tolerance 
curves in whom the test has been repeated after opera- 
tion the curves have flattened into normal range. The 
data also indicate greater malabsorption of d-xylose in 
the patients of the 12 to 6 group. 
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Fic. 4A, Oral glucose tolerance tests in diabetic subjects before 
° and after jejunoileal bypass. 
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A large increase in fecal fat loss has occurred in each 
patient in whom it has been possible to measure this 
in the period after jejunoileal bypass. Malabsorption of 
fat by interference with enterohepatic cycles of chol- 
esterol and bile acids has been accompanied by an im- 
pressive and sustained fall in serum cholestero] and 
triglyceride levels in both groups of patients. In 
Figure 5 serum cholesterol and triglyceride levels are 
plotted against time in the two groups of patients. 
As can be discerned from the figure, irrespective of 
baseline levels, there has been an impressive fall in 
both serum cholesterol and serum triglyceride concen- 
trations after jejunoileal bypass in each group. These 
reductions have been maintained below 160 mg./100 
ml. throughout the periods of follow-up. After jejun- 
oileal bypass lipoprotein electrophoretograms have re- 
verted to normal in each of the patients with Fred- 
rickson Type II patterns and in ten of the 12 with 
Fredrickson Type IV abnormalities. 

In Figure 6 serum levels of the various vitamins be- 
fore and 6 to 24 months after jejunoileal bypass are 
compared in the two groups. Serum carotene levels are 
consistently low in both groups and the fat soluble 
vitamins A and E show a trend toward reduction in the 
follow-up period. The absorption of vitamin K as re; 
flected by prothrombin times has shown a trend toward 


reduction in several patients in the early postoperative _ 


period but prothrombin times have been maintained in 
normal range in the follow-up period. Vitamin C levels 
have been consistently normal in the 12 to 12 group. A 
trend toward reduction in serum levels of this vitamin 
is evident in the 12 to 6 group. Although reduced levels 
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of serum folate have appearéd in both groups in fol- 
low-up, serum vitamin Bız levels have remained in 
_ the normal range in all patients studied. Except for 
transitory reductions in a few patients in the early post- 
operative period, hematocrits have been maintained 
in the normal range. 
Despite the stedatorrhea induced by the operation, 
serum calcium, magnesium and potassium levels have 
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Fic. 7. Serum proteins, albumin and uric acid. 


remained normal during the period of follow-up and 
no supplementation has been necessary in the patients 
of the 12 to 12 group. In three patients of the 12 to 6 
group, each of whom has had a problem with persistent 
diarrhea, prolonged supplementation with oral cations 
was required. 

Figure 7 summarizes comparative data on total serum 
protein, serum albumin and uric acid during the fol- 
Jdow-up periods in the two groups. Total serum pro- 
teins have been well maintained in the majority of 


«patients of both groups. In the 12 to 6 group hypoal- 


buminemia was present in eight of 14 patients in whom 
' long range studies are available. The serum uric acid 
data reflect a trend toward hyperuricemia in many of 
the massively obese subjects, several of whom have been 
treated for “gout” prior to operation. Except for early 


postoperative elevations in serum uric acid in several 
of the patients of the 12 to 6 group these data show 
little change from the baseline throughout the follow- 
up periods. 

The studies of body composition after jejunoileal by- 
pass will be reported separately. The data indicate 
that the patients lose both fat and lean tissue in the 
early postoperative months. The losses of lean body 
mass and body fat are greater in the 12 to 6 group. In 
both groups, however, after 4 to 6 months potassium 
homeostasis is achieved and with subsequent weight 
loss more fat is lost than lean tissue. 

Follow-up studies of liver function have included the 
tests summarized in Figure 8. In the 12 to 12 group al- 
kaline phosphatase and bilirubin have remained nor- 
mal in all but two patients. SGOT was elevated in four 
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patients before operation and two others had transitory 
postoperative elevation. All have shown a tendency to 
decline during the months of follow-up. 

In the 12 to 6 group early postoperative elevations 
in serum bilirubin, alkaline phosphatase and SGOT 
occurred in the two patients with halothane hepatitis. 
One of these, who is currently clinically well, has a 
persistently elevated transaminase. One other individual 
in this group had an unexplained elevation of serum 
bilirubin to 19 mg./100 ml. before operation with a 
transitory rise in the postoperative period. There has 
been no hepatomegaly or clinical evidence of hepatic 
malfunction in any patient of either group during the 
period of follow-up. 

Follow-up psychiatric evaluation of these patients re- 
vealed that depression was common in the early post- 
operative phase and continued for some months after 
discharge from the hospital. More severe psychiatric 
disturbances have been observed in two patients. After 
a year’s follow-up most patients appeared to be grate- 
‘ful for the procedure and pleased with the result. 


Comment and Summary 


The objective of the jejunoileal bypass procedure is 


` to induce malabsorption of fat and carbohydrate in 


massively obese patients who are clear cut failures of 
dietary management. The continuation of excessive 
caloric intake by massively cbese patients after the 
bowel shortening procedure dictates that a severe de- 
gree of bowel shortening must be used if the procedure 
is to achieve its objective. Payne's? extensive experi- 
ence with his technic of jejunoileal bypass in which the 
proximal 14 inches of jejunum are united to the side of 
the ileum 4 inches from the ileocecal valve has laid the 
empiric basis for the dimensional considerations selected 
by us for use in the present study. It has seemed de- 
sirable to us to maintain the active transport capability 
of both jejunal and terminal ilea] mucosa in alimentary 
continuity and the highly important impedance of the 
ileocecal valve. 

This study compares the responses of a carefully se- 
lected group of massively obese subjects to two opera- 
tive variations of extensive small intestinal bypass with 
anastomosis of proximal jejunum to distal ileum. The 


DISCUSSION 


Dr. Georce B. Sanpers (Louisville): I am sure you are all 
aware that Dr. Scott’s very fine paper was a model of scientific 
precision, meticulous study, especially in the patients before and 
after the shunts were done. 

I have done relatively few of these, and I am certainly not 
prepared to discuss Dr. Scotts paper in anything but a rather 
curious frame of mind. I thought it might occur to some of you 
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results of the group of ten patients who had the 12 to 
12 procedure are good as regards bowel function, satis- 
factory nutritional and metabolic adaptation with min- 
imal side effects, but less than good in achieving re- 
turn to ideal weight status. In the 12 to 6 group, the 
results appear to be better in achieving ideal weight 
status but complications of the procedure and its side 
effects are increased. Although the patient’s adaptive 
responses to the surgically induced short bowel syn- 
drome compensate for many of the side effects after a 
period of months, the degree of bowel shortening in the 
12 to 6 procedure may be too severe for some patients. 

Accordingly in the use of jejunoileal bypass in a 
more recent group of obese patients, the 12 to 6 pro- 
cedure has been restricted to patients who weigh over 
350 pounds. In massively obese subjects who weighed 
less than 350 pounds we have more recently left 20 
inches of small bowel (12 to 8) in alimentary contin- 
uity. This compromise, although seemingly trivial, may 
not be insignificant when one considers the transport 
capability of the millions of intestinal absorptive cells 
involved. 

The degree of rehabilitation achieved by the ma- 
jority of patients in this study has been impressive to us. 
The large reduction in serum lipid concentrations as 
well as the large reductions in body fat which result 
from jejunoileal bypass in obese patients should be of 
value in halting the progress of atherosclerosis and its 
accompanying cardiovascular manifestations. We be- 
lieve that the results to date warrant continuation of 
this study with mandatory long range metabolic and 
nutritional follow-up. 
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who are not familiar with these operations to wonder why, once 
the mechanism is set in motion for weight loss, the patient should 
stop losing weight at a certain place and time, and why he 
should level off. 

Obviously, homeostatic mechanisms are at play, but precisely 
what is the mechanism, and how is it mediated? I think that 
probably the very first operation I did of this kind revealed acci- 
dentally to me what might be the mechanism. The operation, 
done about 4 years ago, was a prototype—an early prototype—of 
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the operations done today, which has, thankfully, been discarded. 
It has been discarded because the patients tended to continue to 
lose weight without let up nor hindrance to levels which were quite 
dangerous. The operation consisted in this patient of transposition, 
or anastomosis of the proximal 14 inches of jejunum to the side of 
the ascending colon. 

This patient began to lose weight very favorably, and she con- 
tinued to lose weight at an alarming and continuous rate. Ten 
months later she showed no sign of let up in her weight loss. 
She was weak. She was depleted; and I remember one figure, 
and that was the serum cholesterol at that time, which was 
50 mg./100 ml. 

This situation was very frightening, and obviously demanded a 
revision. The revision took the form of transposition of the 14 
inches of jejunum from the side of the ascending colon to the 
terminal 3 inches of ileum—the Payne operation, which you have 
just seen diagrammed. 

At operation it was revealed that the 14 inches of jejunum had 
undergone gigantic hypertrophy and hyperplasia. The jejunum 
was as big around in circumference as my upper arm. It was 
larger than the patient’s transverse colon. It was tremendously 
thickened. A biopsy of the wall of the jejunum showed un- 
believable hypertrophy of the mucous membrane, with convolu- 
sions and folds resembling coarse gastric rugae; obviously, a 
logarithmic expansion of absorptive surface and the creation of a 
gigantic digestive, superefficient organ by homeostatic stimulation. 

After the revision had been made, the patient in 5 months 
regained all of the 155 pounds she had lost in 10 months, and 
Ac lari rigid dietary discipline to bring her down to an accept- 
ably lower level of weight, where she has remained ever since 
without regulation of any kind. 

Probably this enormous hypertrophy which takes place, I am 
sure, in the ae functioning jejunum in the digestive conti- 
nuity, is responsible for finally achieving a balance and stopping 
continuous weight loss. It would be interesting to me to know 
years later if even Dr. Scott’s “twelve and six” patients have in 
some manner out maneuvered him, and by selective hypertrophy 
have overcome the barrier to gaining weight again. 


Dr. Epwarnp R. Woopwarp (Gainesville): Our interest in this 
subject has paralleled that of the Vanderbilt group. We have 
studied and operated on 40 patients with what I like to call 
“morbid obesity”, This massive, exogenous obesity is indeed 
morbid, because not only are these people severely handicapped, 
but their life expectancy is arenei imited, 

Our clinical results have been equally as dramatic as those 
that have been reported to you by Dr. Scott. Our most successful 
results have been in the Pickwickian cases. The patients wake up, 
their blood gases return to normal, and their rehabilitation is in- 
deed remarkable. We have also had outstanding results in the 
severely diabetic patient, the patient who has had congestive 
heart failure, and in the patient with hyperlipidemia. 

I will bring out only three points on which we perhaps differ 
somewhat from Dr. Scott’s group. The first concerns the type of 
shunt used. Our initial experience with the end-to-side Payne 
sl pena was similar, in that we found that patients tended to 
plateau at a level which did not satisfy us; so we shifted to the 
end-to-end type of reconstruction, bypassing the mid small bowel 
into the sigmoid. 

When we took a comparative look a year later, we found that 
the difference in weight loss was no different whatever; that they 
plateaued at about the same time. Therefore the simpler end-to- 
side shunt appeals to us as being equally efficacious. Although the 
cosmetic results may not be what we would like, the physiological 
results are satisfactory. These people remain plump, but much, 
much healthier. 

Secondly, I would like to point out that I think his two cases 
were not halothane toxic hepatitis. We have never used halothane, 
and yet we have seen the same syndrome in four patients. The 
first we identified too late in the game, and the patient died of 
liver failure. These patients, as pointed out in the manuscript, 
routinely have the fatty liver of hyperphagia at the time they are 
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operated on. Superimposed upon this in the postoperative period 


is the fatty liver of starvation-iatrogenic, short-circuit-induced 
starvation—and this combination is enough to cause hepatic 
necrosis and progressive liver failure. 

The three subsequent cases we have identified early, charac- 
terized clinically by extreme weakness, severe anorexia, marked 
peripheral edema, and rather mild icterus. By laboratory exami- 
nation, they are identified by a fantastic drop in serum potassium 
and serum albumin. The most recent patient was admitted with a 
serum potassium of 1.9 mg./100 ml. 

We have successfully treated these patients initially with intra- 
venous hyperalimentation plus siecle correction. They have 
then steadily improved on an elemental diet consisting of amino 
acids and medium chain triglycerides. I think this is a distinct 
syndrome, It is reversible, ind these patients compensate to the 
point where their liver eventually recovers. 

The third point I would like to make is that we have a good 
number of these patients referred to us for “hypertension”. We 
first stumbled on to the fact that this is in error in many of these 
cases when the anesthesiologist took a direct arterial pressure at 
the time of operation and found the patient to be normotensive. 
Since then we have discovered that by using the thigh cuff on 
these massively obese upper arms we are able to get a blood 
pressure that corresponds very closely with directly measured 
intra-arterial pressure. . 

In summary, although this is a completely emperic approach, it 
is frequently a solution to a serious and potentially very lethal 
problem. We think that further study of these cases will lead us 
to the optimal technical approach to achieving satisfactory weight 
control for health purposes. 


Dr. J. Encreserr Dunpuy (San Francisco): This paper is 
typical of the work that we expect from Dr. Scott's department, a 
careful, thoughtful, scientific approach to a challenging problem. 

We have had an experience in Cal in about 40 cases. All of the 
operations have been done either by Dr. Tom Hunt or Leon 
Goldman, and we have focused this in the hands of only two 
members of our group for the reason that these patients pose 
really tremendous problems in care and in psychic management. 
I would urge you, even though you have heard how well the 
patients do ae how gratifying the results may be, not to under- 
take this as a casual, private-practice procedure, because it must 
be done with the full back-up of a thoroughly well-grounded 
endocrine and obesity clinic. 

Selection of the patients is exceedingly important. We followed 
the lines that have been described by Dr. Scott. We have had no 
operative mortality. We have had to do two reconversions, one 
an acute one because of technical difficulties with the anastomosis, 
and one because of intractable weight loss and also difficulties 
with hepatic function. 

At the present time we are sticking pretty much to the original 
Payne operation, but I think that Dr. Scott is showing us the way. 
As we realize, morbid obesity is a dreadful disease. It is a fatal 
disease; and this operation, although still in a sense experimental, 
is for these patients exceedingly valuable and therapeutic. When 
we get a better way of doing it, I think it is going to be studies 
from people like Dr. Scott and Dr. Woodward and, I hope, from 
my own group, who are going to show us the way. 


Dr. W. DEAN Warren (Atlanta): I would like to ask Dr. Scott 
two questions relating to a patient I treated after consultation 
with him a couple of years ago. In this patient we did a 10-inch, 
jejunum to 10-inch ileum anastomosis with bypass of the re- 
mainder of the small bowel. 

Two years later, this lady is being restudied because of the 
question of the development of cirrhosis. We actually now have 
two patients in our unit being studied for cirrhosis, one of whom 
drinks a considerable amount, so that the source of the cirrhosis 
in this instance is not a particular a D 

However, the lady being discussed today does not drink sig- 
nificantly, and in studying her, we found that she had normal 
levels of nonessential amino acids but a marked deficit in her 
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essential amino acid pattern. I wonder if Dr. Scott has any data 
relating to amino acid metabolism, as I believe that one of the 
serious aspects of this operation will have to do with the relative 
incidence of hepatic disease, and this will probably be related to 
abnormal metabolism ‘of protein and amino acids, as well as other 
aspects of the malabsorption syndrome. 

Secondly, I would like to ask if he has any data on how long 
defunctionalized small bowel can be unused without becoming 
functionally atrophic. In this particular lady, we had decided to 
bring out the defunctionalized small bowel as a method of giving 
her purified amino acids. Much to our surprise, we found that 
there was essentially no absorption of d-xylose, labeled amino 
acids, nor fatty acids. In other words, it essentially was a non- 
functional organ 2 years after it had been excluded from the 
intestinal stream. 

I wonder if Dr. Scott would comment on this aspect of the 
procedure. 


Dr. H. Witiiam Scorr, Jr. (Closing): I think Dr, Sanders is 
very close to the point in his emphasis on the hypertrophic 
changes that take place after this bowel shortening procedure. 
These have been described in beautiful detail by Dr. Hastings K. 
Wright of Yale and New Haven and his associates in their studies 
of the short bowel syndrome, and I would refer any of you who 
are interested in this to an excellent monograph by Dr. Wright 
that came out in Current Problems in Surgery about 18 months 
ago. . 

There is not only hypertrophy of mucosa; there is increase in 
height of the intestinal absorptive cell; there is an increase in 
the measurable enzymatic activity of the cell membrane, and 
presumably an increase in the transport capability of the cell. 

Longitudinal growth also occurs in the segment of bowel that 
is left in continuity. In one patient of ours who originally had 
a Payne operation, and subsequently, 3 years later, was converted 
to the end-to-end procedure, the proximal jejunum which had 
been carefully measured 3 years before at 14 inches in length, 
was found to be 26 inches in length, and the ileum from the 
ek of jejunal anastomosis to the ileocecal valve had increased 
rom 4 inches to 9 inches in length. 
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So these changes certainly are going to tend to be compensa- 
tory, without any question. They explain why the patient’s 
weight loss after jejunoileal bypass stops and weight plateaus 
after 18 to 24 months. 

I think Dr. Woodward’s comments about the hepatitis and its 
etiology is an extremely important point. We referred to this as 
halothane hepatitis in the’ two patients in our series for lack of 
any other, A hepatotoxic etiology. I wonder if Dr. Wood- 
ward's patients did indeed have the same “hepatitis” that ours did. 
I question whether a starvation mechanism would be at work, 
Dr. Woodward, in the two patients of ours, because they had 
been on adequate alimentation parenterally during the time in the 
hospital, and their clinical signs of hepatitis appeared within 
about a week after they left the hospital, and about 2 weeks after 
halothane anesthesia. This is a very short period for a starvation- 
induced hepatitis, it seems to me, and halothane was the common 
denominator that we thought might be important. 

We have seen hepatitis and hepatomegaly occur in four other 
patients after bypass—three in our earlier series of Payne opera- 
tions and one patient who was operated on subsequent to the 
present study. Each of these patients was a heavy imbiber of 
alcohol; and when the alcohol “was stopped” in one of these, the 
hepatomegaly reverted to normal. One of the others who con- 
tinued to drink has gone on to Laennec’s cirrhosis. Take down 
of the bypass caused hepatomegaly to recede in another’s. The 
fourth is still drinking, unfortunately. 

I think it is very clear that the combination of protein and 
calorie malabsorption induced by this procedure makes alcohol 
absolutely verboten. We tell our obese patients prior to bypass 
that alcohol must be avoided for fear that hepatoxic changes will 
take place. 

Drs. sare and Warren bring up interesting and provocative 
e which require further study and more time than I have 
eft to answer. 

[Slide] We have one patient here whose pictures I cannot 
resist showing you. This ar a young woman at 350 pounds, 
and then she had the 12 to 6 procedure, and 14 months later, 
[slide] the last slide shows her at 140 pounds and the rather 


dramatic changes that have taken place—not only up here in her 


hair style, [indicating] but in the rest of her likewise. 


Etiologic Factors and Consequences of 


PLENIC VEIN obstruction is an infrequently recognized 
S and infrequently reported intra-abdominal vascular 
problem. It is usually grouped with portal hypertension, 
rarely being considered a separate entity. Thus, Sutton,* in 
1968, found only 53 cases of isolated splenic vein obstruc- 
tion in the English literature. No cases of primary splenic 
vein obstruction have been reported; it is always sec- 
ondary to or a complication of localized upper abdominal 
disease or a generalized systemic process. The course of 
that primary disease may be profoundly altered, how- 
ever, by this complication, which often is manifest by 
gastrointestinal bleeding. When bleeding occurs, sple- 
nectomy is the procedure of choice, combined with the 
appropriate treatment of the primary disease. In this 
report we will present a summary of eight cases of 
splenic vein obstruction. 


Clinical Material 


Between 1955 and 1971, eight patients were seen at 
the North Carolina Baptist Hospital with surgical, patho- 
logic, or angiographic evidence of isolated splenic vein 
obstruction. Six of these cases were observed within the 
last 2 years. The data from the eight cases are presented in 
Table 1. 

Clinical Histories: Of the three patients presenting 
with massive hematemesis, melena or both, two had 
undergone, at another hospital, an operative procedure 
that had unsuccessfully controlled the bleeding, and had 
been transferred immediately to our hospital for further 
treatment. 

Laboratory Findings: Anemia was present only in the 
patients with hematemesis and melena and could be 
accounted for by the blood loss. Bone marrow studies 
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were done on two patients: the marrow was slightly hyper- 
plastic in one and hypoplastic in the other. None of the 
eight patients had clearcut evidence of hypersplenism. 

Angiography: Celiac axis angiography was done in the 
six patients seen after angiography had become a com- 
mon diagnostic procedure. Splenoportography was done 
in one of the six as well. Representative angiograms are 
shown in Figures 1 and 2. 

Diagnoses: Disease of the pancreas was primary in all 
of these cases (Table 1). The diagnosis was clearcut 
in six; in the two cases diagnosed as nonspecific pancre- 
atitis, a mass containing multiple small cystic spaces was 
found at operation. The mass incorporated the pancreas 
and the splenic vein, and there were huge, dilated, tor- 
tuous and thin-walled veins about the stomach, omentum 
and splenic pedicle. The pathologist did not believe 
that the material submitted for diagnosis was clearly a 
cystadenoma. 

Results: One patient died. The remaining seven pa- 
tients were discharged and have remained well, with 
the exception of the two with carcinoma. 


Discussion 


Splenic vein obstruction may be caused by thrombosis, 
benign or malignant tumors, inflammation, or fibrosis.’ 
The course of the splenic vein along the superior-posterior 
surface of the pancreas, where it often forms a groove 
in the pancreas makes it susceptible to entrapment by any 
disease involving the pancreatic body and tail. Obstruc- 
tion of this vein becomes life-threatening only when bleed- 
ing into the gastrointestinal tract or the peritoneal cavity 
occurs. Rupture of the subserosal venous collateral cir- 
culation with intraperitoneal hemorrhage is a particu- 
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larly treacherous complication, and anyone observing, 
during celiotomy, how these vessels bleed at the slightest 
touch must wonder why this complication does not occur 
more often. The stomach is the most common site of 
bleeding, however, since there the thin-walled, dilated, 
submucosal collateral vessels are subject to corrosion by 
acidic peptic juice. When such hemorrhage is the mani- 
festation of splenic vein obstruction, we believe that 
splenectomy alone is the procedure of choice and that it 
can be expected to control both intragastric and intraperi- 
toneal bleeding. Any other surgical maneuver is directed 
at the primary disease causing the obstruction. 

When splenic vein obstruction is present without com- 
plicating hemorrhage, the therapy should be directed 
toward the primary disease, and splenectomy should be 
done or not, depending on the surgeon’s assessment of the 
case. It is of interest that Arner,’ using follow-up or serial 
splenoportography observed re-opening of the splenic 
vein in one patient 17 months after the initial roentgeno- 
graphic diagnosis had been made. Whether this is a 
regular phenomenon is not known. 
= The development of abdominal angiography has 
greatly enhanced our understanding of this complication 
of upper abdominal disease. The detection of six cases 
in the last two years, all diagnosed by angiography, con- 
trasts sharply with the two cases seen in the previous 15 
years when diagnosis depended on observation at opera- 
tion or autopsy, The two angiographic methods of observ- 
ing the splenic venous circulation are complementary. 
Celiac axis injection is the more versatile, and allows study 
of other arterial beds; the venous phase must be included 
in the study if all information is to be obtained. Although 
splenoportography yields better definition of the splenic 
venous bed when clarification of detail is essential to the 
proposed treatment, the hazard to the patient is increased 
by splenic puncture. 

The development of angiography as a diagnostic tool 
has allowed clarification of the course of the collateral 
circulation in isolated splenic vein obstruction. In the six 
patients in this series in whom angiography was done, 
the blood draining from the spleen returned to the portal 
vein by one of three routes: 1) retrograde flow through 
the short gastric veins, across the fundus of the stomach 
to the left and right gastric or coronary vein, and thence 
to the portal vein; 2) retrograde flow through the left gas- 
troepiploic vein, across omental branches to the branches 
of the right gastroepiploic vein, and thence to the superior 
mesenteric or portal vein; 3) less commonly, retrograde 
flow through the left gastroepiploic vein to omental 
branches or branches of the left colic vein, and 
thence to the inferior mesenteric vein. Leger? has demon- 
strated a fourth route, via the diaphragmatic and inter- 
costal branches back to the caval system. If the left 


Summary of Clinical Data from Eight Patients with Splenic Vein Obstruction 


TABLE 1. 


Angio- 
graphy 


Hyper- 
splenism 


Spleno- 


Date of 
Admission 


Age 
(yrs) 


Result 


Operation 


Diagnosis 


megaly 


Presenting Problem 


Pt # Sex 


Expired 1 wk. p.o., 
Peritonitis 


Splenectomy, Pancreatic 


cystjejunostomy 


Pseudocyst of pancreas 


no no 


yes 


7/31/55 G. I. Bleeding 


a 


SPLENIC VEIN OBSTRUCTION 


Recovered 


Splenectomy, Evac. 


Acute pancreatitis 


no no 


no 


2/10/59 Abdominal pain 


41 


M 


clot, Biop. omentum 


Intraperitoneal hemorr- 


hage 


Cystadenoma of pancreas Splenectomy, Distal pan- Recovered 


yes 


yes 


G. I. Bleeding 


5/4/71 


45 


createctomy 


Recovered 


Expl. celiotomy, Biop. 


liver 


no yes Ca pancreas 


no 


Abdominal pain 


10/25/71 


55 


Recovered 


Splenectomy, Distal pan- 


createctomy 


Fibrosis, Cyst formation, 


Mild Inflammation 


no yes 


yes 


1/14/72 G.I. Bleeding 


23 


Recovered 


Splenectomy, Distal pan- 


createctomy 


Chronic nonspecific pan- 
creatitis and abscess 


yes 


no 


Mass, abdominal pain yes 


ZiR 


Expl. celiotomy, Biopsies, Recovered 


Cholecystojejunostomy 


Ca pancreas 


yes 


no 


yes 


Mass, abdominal pain 


2/23/12 


41 
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Cystogastrostomy Recovered 


Pseudocyst of pancreas 


yes 


no 


3/23/72 Mass, abdominal pain 


25 





gastric or coronary venous system is open and available 
for drainage, the esophageal plexus is apparently rarely 
involved, and esophageal varices rarely develop. That 
there may be other pathways is certainly probable since 
the upper abdomen is more generously supplied with 
collateral arterial and venous circulation than any other 
part of the body.” 

It is of interest that none of these patients had clearcut 
evidence of hypersplenism. 


Summary 


Eight patients with isolated splenic vein obstruction 
have been seen and treated at the North Carolina Baptist 
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Fic. 1. Celiac axis angio- 
gram (left) and spleno- 
portogram (right) from 
Case 5. On the left, the 
arterial phase clearly de- 
lineates the tortuous sple- 
nic artery and the en- 
larged spleen. The splenic 
vein did not fill on any 
of the films in this se- 
quence. On the right, this 
frame clearly outlines the 
dilated tortuous collater- 
als over the fundus of the 
stomach filling the coro- 
nary and portal veins. 
The left and right gas- 
troepiploic veins also act 
as collaterals. 


Hospital over the past 17 years. From a review of these 
patients, the following conclusions are suggested. 

Splenic vein obstruction may be caused by a variety of 
pathologic conditions. All in these patients were related 
to the pancreas. Splenic vein obstruction is rarely if 
ever a primary disease. 

Splenic vein obstruction may produce intragastric or 
intraperitoneal bleeding that may be life-threatening. 
Splenectomy is then the procedure of choice. 

Splenic vein obstruction may produce no signs or 
symptoms. 

Splenic vein obstruction usually results in the develop- 
ment of collateral pathways to the portal vein through the 
gastric or gastroepiploic veins. 


Fic. 2. Two frames in 
the series of celiac axis 
angiograms from Case 6. 
On the right, the arterial 
phase shows the large 
spleen and on the left, 
the venous phase delin- 
eates dilated tortuous 
veins filling retrogradely 
to the epiploics, omental, 
left colic, and then to the 
inferior mesenteric vein. 
The portal vein is faintly 
outlined in the right up- 
per quadrant above the 
right renal pelvis. 


- 
ga 


“< 


Vol. 177 + No. 6 . 


Celiac axis-arteriogram and splenoportography are the 
only reliable means of diagnosing this complication 
other than operation or autopsy. 
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DISCUSSION ` 


Proresson J. Puii Sanpsiom (Lausanne, Switzerland): I 
was very interested in commenting on this beautifully presented 
series of a disorder that has seemed to be very rare. I agree 
with the authors that it might be occurring more often than has 
been thought. 

The reason for my opinion is that 10 years ago we went 
through our material of portal hypertension in over 200 patients. 
By way of splenoportography we found four patients with splenic 
vein obstruction. 

Three of them bled from ruptured esophageal varices, Only 
one of the four had pancreatic disease as primary cause; the 
three others were unexplained. They might have been of a dif- 
ferent kind than the ones presented. Their symptoms of pain, 
hemorrhage, and short-lasting ascites recurred several times. 

' All were treated by splenectomy, ard none rebled. One patient 
died because of recurrent thrombosis that continued up into the 
mesenteric vein, and a large intestinal resection was performed. 

Another point of interest is the source of hemorrhage in portal 
hypertension. It has been thought that these patients generally 
bleed from ruptured varices in the esophagus or the fundus of the 
stomach. If the bleeding source is hemorrhagic gastritis, this has 
not been thought to be related directly to their portal hypertension. 
Patients may bleed from many sources in portal hypertension, in- 
cluding the esophagus, the gastric mucosa, and even the biliary 
tract. Twice I found hemorrhage into the gallbladder. 

I think the primary cause is the portal hypertension, through 
the congestion of the mucosa which secondarily succumbs to the 
deleterious effects of the gastric juice in hyperacidity and drug 
abuse. The series that the authors here reported so beautifully 
is also an example of the fact that the hemorrhage in portal 
hemorrhage is not necessarily due to burst varicosities of the 


esophagus. 


Dr. Arter SALAM (Atlanta): During the last 18 months we 
saw five patients with splenic vein thrombosis, three of whom pre- 
sented with upper GI bleeding. All of them had previous vagect- 
omy and pyloroplasty, although the cause of bleeding was not 
recognized at the time of surgery. 

[Slide] The workup of these patients should include liver 
catheterization, direct or indirect splenoportography and superior 
mesenteric angiography. This slide demonstrates the most char- 
‘acteristic angiographic feature of this disease, namely a tortuous, 
dilated gastroepiploic vein. 

The diagnosis may not be made preoperatively if it is not 
suspected or if the studies could not be done because of severe 
bleeding. The correct diagnosis can be madé at the time of 
operation if the surgeon ‘is familiar with the operative findings 
characteristic of this disease. Dilated gastroepiploic veins and 
gastric varices in absence of any evidence of portal hypertension 
in the superior mesenteric venous bed should raise the possibility 
of splenic vein thrombosis. The diagnosis ‘can be confirmed by 
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threading a catheter through one of the branches of the superior 
mesenteric vein into the portal vein. [Slide] In contrast to patients 
with generalized portal hypertension, portal pressure and liver 

erfusion with portal blood remain normal in patients with iso- 
lated thrombosis of the splenic vein. Contrast material injected 
directly into the portal vein would not opacify the coronary vein 
of the variceal plexus since the direction of blood flow in these 
vessels is toward the portal vein. 

Finally, I would like to raise two questions regarding the 
operative management of pancreatic pseudocyst associated with 
splenic vein thrombosis. Splenectomy in these patients will leave 
the cyst in free communication with the rest of the peritoneal 
cavity. I wonder whether Dr. Johnston would agree to staging 
the operation, namely the cyst is internally drained first and 
splenectomy is delayed to a later date. The second question is: 
“What would be the method of choice for internal drainage of 
the pseudocyst in presence of splenic vein thrombosis?” Dr. Zeppa 
and Dr. Smith in their excellent presentations indicated that 
bleeding is sometimes encountered postoperatively following cysto- 
gastrostomy. The risk of this complication is even greater in 
presence of splenic vein thrombosis because of the increased 
vascularity of the stomach wall associated with this disease. For 
this reason, we prefer cystojejunostomy for internal drainage of 
pancreatic pseudocyst in such patients. 


Dr. Ricard T. Myers (Closing): We are aware of the great 
work Professor Sandblom has done in this area, and thank him 
for emphasizing the points that were important to us; namely, sur- 
prise at the infrequency with which we have encountered it in 
recent years is probably due more to the increasing incidence of 
pancreatic disease, rather than our diagnostic acumen. 

We would certainly agree that this is a form of localized portal 
hypertension, and that one must consider the possibility of bleed- 
ing from the gastric mucosa as well as the esophageal varices. 

Dr. Salam, we thank you for your comments. It’s an interest- 
ing parallel to the increasing frequency: in Winston-Salem and 
Atlanta. We would agree that the diagnosis cannot be made pre- 
operatively as to the primary etiologic factors concerned. 

So far as your posed question, I think in the absence of 

bleeding from the pseudocyst we would certainly agree that the 
procedure should be staged. 
- Finally, in the interest of time, I would like to simply underline 
and emphasize one of the points; namely, the use of angiography 
in upper GI bleeding. I think this paper would tend to—at least, 
to me—indicate the value of looking at the venous phase as well 
as the arterial phase. We tend to become very enthralled at 
what is going on within the lumen of the bowel, and not the 
venous phase of the angiography. This has been a great boon to 
the preoperative diagnosis and management of gastrointestinal 
bleeding, and I think, properly extended and utilized, it can be 
of great value in uncovering some of the obscure causes which 
we are now missing. ° 


Some Surgical Implication of the Anatomy of 


the Cava-iliofemoral System 


ROBERT M. MILES, M.D., BOBBY F. FLOWERS, M.D., H. LYNN PARSONS, M.D., 


Siea PROBLEMS associated with caval interruption 
procedures are related to the anatomy of the infra- 
renal vena cava and its tributaries. Among these are the 
site of election for caval interruption, hemorrhage from 
unsuspected lumbar veins, difficulty in recognition of 
- various levels of the cava in the limited confines of the 
retroperitoneal approach, and proximal thrombosis with 
recurrent pulmonary embolism. 

The literature yields limited pertinent information. Most 
texts are replete with descriptions of the cava itself, but 
reference to its lumbar venous tributaries is usually vague 
and not detailed. Goss’ Gray’s Anatomy® gives the impres- 
sion that there are four pairs of segmental lumbar veins, 
but there is no description of how many actually enter 
the cava and the location of their orifices. Similarly 
there is little information concerning distance between 
major caval tributaries which is helpful in surgical orien- 
tation. The most explicit studies were done by Davis, 
Milloy, Anson, and associates! %4 7 but these are not 
oriented specifically toward our objectives. 

One hundred necropsy dissections of the adult infra- 
renal vena caya and its tributaries were performed to 
elucidate these problems by determining distances be- 
tween the major branches and documenting more pre- 
cisely the number and location of lumbar veins entering 
the cava, the valves and tributaries of the iliofemoral 
segments, and anomalies. | 


Method 


Dissections were performed at necropsy on 100 patients 
between the ages of 17 and 84 of whom 49 were males and 
34 females. Sex was not recorded in the 17 original pa- 
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tients in whom pilot studies were performed. Complete 
studies were not always possible because of exigencies 
associated with the performance of the necropsies. 

After routine evisceration bilateral extensions of the 
autopsy incision were made into each femoral region. 
The vena cava was transected just below the liver well 
above the left renal vein. The cava and renal veins were 
then pinned to the vertebral column to avoid changes in 
their relationships after dissection. The renal vessels were 
transected at the kidneys and the kidneys and ureters 
were removed. The external iliac arteries were ligated 
and divided midway between the internal iliac arteries 
and the inguinal ligaments, the internal iliac arteries 
were ligated and divided, and the iliac arteries and aorta 
were removed leaving the infrarenal cava-iliofemoral 
system exposed. 

The following distances were measured as shown in 
Figure 1: from the right renal vein to the entrance of the 
right gonadal vein into the cava and to the caval 
bifurcation; and from the caval bifurcation to the internal 
iliac, greater saphenous and profunda femoris veins. 

The inferior vena cava and its iliofemoral tributaries 
were opened in Y-fashion in the midline anteriorly from 
a point about 2 cm. above the left renal vein to a point 
approximately 2 cm. below the junction of the superficial 
and deep femoral veins. | 

The orifices of the lumbar veins were identified, their 
distances from the lower border of the right renal vein ` 
were measured, and their locations were charted on a 
work diagram. The direction of the lumbar veins was 
studied in 65 patients. | 


740 


Vol. 177 + No. 6 ° 


In order to demonstrate locational frequency of the 
lumbar veins, the inferior vena cava was diagrammed into 
sectors by dividing it lengthwise into middle and right 
and left lateral thirds and crosswise by multiple transverse 
parallels 1 cm. apart. The number of lumbar veins located 
in each sector was tabulated. 

In 78 cases the orifices of veins entering the iliofemoral 
segment were identified, charted and the distance from 
the caval bifurcation to each was measured. 

In 70 cases the valves in the iliofemoral segments were 
identified, their locations were charted, and the distance 
from the caval bifurcation to each valve was measured. 

The number and location of valves and orifices were 
plotted by diagrammatically dividing the iliofemoral seg- 
ments into 1 cm. sectors and tabulating the number of 
valves and orifices in each. 

Based upon these diagrams and the average number of 
lumbar veins, iliofemoral venous branches, and valves per 
patient a composite drawing was made to illustrate the 


Fic. 1. Photograph of dissection showing measurement of distance 
from right renal vein orifice to caval bifurcation, White markers 
indicate lumbar vein orificers and left gonadal vein. 
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DISTANCE RELATIONSHIPS 
IOO patients 


RRV 


Fic. 2. Sketch of cava- 
iliofemoral venous system 
showing mean distances 
between major branches. 
RRV, right renal vein; 
LRV, left renal vein; 
LGV, left gonadal vein; 
RGV, right gonadal vein; 
IIV, internal iliac vein: 
SV, saphenous vein; PFV, 
profunda femoris vein; 
SFV, superficial femoral 
vein. 








SFV 


more probable locations of these structures in the average 
individual. 

Anomalies of the system with particular reference to 
the renal and gonadal veins were identified and sketched. 


Observations 


Distances between Major Tributaries (Fig. 2). The 
right gonadal vein usually entered the vena cava ante- 
riorly, slightly to the right of the midline, on the average 
of 3.4 cm. distal to the right renal vein. The distance be- 
tween the right renal vein and the caval birfucation avêr- 
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aged 12.3 cm. and the distance from the right gonadal vein 
to the caval bifurcation 8.9 cm. 

The right common iliac artery crossed the left com- 
mon iliac vein just distal to the aortic bifurcation and 
grooved its anterior surface. This could cause venous 
obstruction and account for the more frequent incidence 
of phlebothrombosis on the left side. 

Average distances from the caval bifurcation to the 
following tributaries as shown in Figure 2 were as follows: 
right and left internal iliac veins, 5.3 and 6.9 cm.; right and 
left greater saphenous veins, 16.5 and 18.0 cm.; right and 
left profunda femoris veins, 19.1 and 20.6 cm. respec- 
tively. The common femoral vein received its superficial 
and deep femoral tributaries approximately 2.6 cm. from 
the greater saphenous vein on each side. | 

Lumbar Veins. The lumbar veins usually appeared from 
beneath the medial side of each psoas muscle whence they 
passed medially and haphazardly entered the cava pos- 
terolaterally on either side or in the middle (Fig. 3). 
Contrary to traditional textbook descriptions they were 
usually unpaired, being paired in only 44 instances in 
31 patients. They varied in caliber from approximately 1 
to 6 mm. 

Two or three lumbar veins shared common caval orifices 
in 37 of the 65 patients in whom this was studied. Figure 
4 shows how these veins usually joined to form a short 
common trunk before emptying into the posterior caval 
wall and variations in their location. 

A total of 475 lumbar veins were found for an average of 
4.75 per patient and ranged in number from zero to twelve 
per patient. Their approximate location is shown diagram- 
matically in Figure 5. One hundred thirty were found 


R M L 
IO6 155 214 


Unpaired 69/100 69% 


Paired 5I7/100 3i% 





Fic, 3. Diagrammatic sketch of infrarenal vena caval wall showing 
more common arrangements of lumbar veins entering posterior 
caval wall. One hundred and six entered on right (R); 155 in 
middle (M); and 214 on left (L). Middle third orifices received 
veins from either right or left; posterolateral orifices usually re- 
ceived veins from ipsilateral side. A, B and C show unpaired 
oriffte variations; D, paired orifices. 
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r A Double .35/65 53.8% 
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Fic. 4. Diagrammatic sketch of arrangements of multiple lumbar 
veins sharing common caval orifices. These were found in 37 of 
65 patients studied for this. Note variations in location: A, B, 
C, D, E. and F. 


between the right renal vein and the right gonadal, 51 
were found at the level of the right gonadal, and 294 
were found between the right gonadal vein and caval 
bifurcation. No lumbar veins were found between the 
right renal and right gonadal veins in 29 patients and in 
two none were found between the right gonadal vein and 
the caval bifurcation. One patient exhibited only one 
lumbar vein and none at all were found in another. 


LUMBAR VEINS 
IOO patients - 475 veins 
(4.75 per patient) 


Fic. 5. Diagrammatic 
sketch of infrarenal vena 
cava divided into right, 
middle, and left sectors 
at l cm. levels with 
number of lumbar vein 
orifices found in each sec- 
tor in 100 patients. Note 
preponderance on left, 
concentration of orifices 
just above and below 
right gonadal vein, and 
paucity of veins just 
distal to right renal and 
proximal to caval bifur- 
cation. Total number of 
veins 475; mean 4.75 per , 
patient. 
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Approximately twice as many lumbar veins were found 
entering the cava on the left (214) as on the right (106) 
and approximately one and one-half (155) times as many 
entered the middle third of the cava as were found on 
the right. 

The greatest concentration of lumbar veins was located 
immediately above and below the right gonadal vein. 
Conversely, fewer lumbar veins were found in the seg- 
ments 3 cm. above the caval bifurcation and one centi- 
meter below the right renal vein. 

Iliofemoral Tributaries. In 78 patients the location of 
branches of the iliofemoral system were studied. They 
varied in frequency from 13 in one patient to complete ab- 
sence in another. One hundred and nineteen were found 
on the right and 150 on the left, a total of 269 for a mean 
of 3.4 per patient with 1.5 on the right and 1.9 on the left, 
Their arrangement, like the lumbar veins, was haphazard 
and they were found singly, in pairs, and in triads. The 
number of branches entering each centimeter sector is 
shown in Figure 6. The greatest concentration of branches 
was well distributed on the right between the caval bifur- 
cation and the entrance of the internal iliac vein, These 
usually represented the iliolumbar veins which join the 
ascending lumbar channels, and the fifth lumbar veins 
which usually enter the common iliac vein instead of the 
cava. On the left maximum concentration was noted in 
the 3 cm. segment proximal to the internal iliac vein. Re- 
latively few tributaries were found just distal to the caval 
bifurcation on the left in the region of the right common 
iliac artery crossing, and the common femoral segments 
between the saphenous and profundae received the 
fewest branches. 

Valves. No valves were found in the cava itself, The 
location of valves in the iliofemoral system was deter- 
mined in 70 patients. A total of 156 valves were found, 88 
on the right and 68 on the left, for a mean value of 2.2 per 

patient, 1.2 and 0.97 on the right and left respectively. The 
number of valves varied from complete absence in five pa- 
tients to five in another five patients. 

Figure 7 shows the number of valves found at 1 cm. 
levels. Although relatively even distribution is noted 
from the internal iliac to the profunda femoris veins, 
fewest valves were noted in the common iliac region, 
particularly on the left in the region of the right com- 
mon iliac artery crossing where no valves were found 
in any patient for a distance of 4 cm. from the caval 
bifurcation. The greatest number of valves was found 
in the external iliac veins with the most common site 
being in 3 cm. segments proximal to the saphenous 
veins bilaterally. 

Time did not permit careful examination of the orifices 
of the lumbar veins and other tributaries for valves. How- 
ever, they were more constantly found in or near the 
saphenous vein orifice. In some cases, valves were also 
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ILIOFEMORAL TRIBUTARIES 
78 patients- 269 branches 
(3.4 per patient) 


Fic. 6. Diagrammatic 
sketch of iliofemoral sys- 
tem showing location of 
269 tributaries in 78 pa- 
tients: mean 3.4 per pa- 
tient: 1.5 on right, 1.9 
on left. Number of veins 
tabulated in each sector 
at 1 cm. levels. Note 
high concentration in 
right common iliac seg- 
ment and just proximal 
to internal iliac vein on 
left, less concentration in 
proximal left common 
iliac (behind right com- 
mon iliac artery cross- 
ing), and least in com- 
mon femoral segments. 
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noted in the orifices of the profunda femoris, internal 
iliac, ascending lumbar, lumbar (particularly when two 
or more veins shared a common orifice) and the renal 
veins. 

Anomalies. No major anomalies of the inferior vena 
cava were encountered and the basic anatomy of the 
venous renal and gonadal system was relatively constant 
with the right gonadal vein entering the anterior sur- 
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face of the inferior vena cava and the left gonadal vein 
entering the lower border of the left renal vein. Thirteen 
exceptions were found, however, which are depicted in 
Figure 8. 

Vena caval bands were noted in eight patients (Figs. 
9 and 10). Seven of these were noted on the left side 
anteriorly just proximal to the caval bifurcation. Two 
of these were bands of thickened fibrotic intima. Five 
were endothelial lined fibrous bands approximately 2-3 
mm. in diameter which formed a separate lumen 
within the cava which varied from 0.2-1 cm. in diameter. 
In one, the band extended from the anterior to the 
posterior caval wall bisecting the cava. 

Incidence of Thrombophlebitis. Five patients exhibited 
iliofemoral thrombophlebitis which was unilateral on 
the left in three, on the right in one and bilateral in one 
patient. 

Collation. Figure 11 is a composite drawing of the 
inferior vena cava in which the most common locations 
of the approximate number of five lumbar veins, four ilio- 
femoral tributaries, and two valves per patient are shown. 
This suggests one lumbar vein between the right renal 
and right gonadal veins and four between the right 
gonadal and the bifurcation. It is seen that the upper- 
most enters at approximately the junction of the left and 
middle thirds of the cava while the lower four enter on 
the left. The drawing reflects paucity of veins in the 
subrenal and suprabirfucation regions. Two iliofemoral 
vessels enter each common iliac vein and one valve is 
seen on each side just above the saphenous vein. 


ANOMALIES 
lOOpatients- 13% 
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Fic. 8. Sketches of 13 anomalies in 100 patients (A) Right 
gonadal vein entering right renal vein. (B) Double right renal 
veins. (C) Branching of right gonadal vein with one branch 
entering the anterior surface of vena cava and other entering right 
renal vein. (D) Branching of right gonadal with both branches 
entering cava. (E) Double left renal vein, (F) Venous connec- 
tion between cava and left gonadal vein. (G) Paracaval venous 
arcades with trunk entering left renal. 
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Fic. 9. Sketches of types 
of vena caval bands in 
sagittal and cross section. 


Discussion 


The excellent treatises of Davis, Milloy, and Anson 
and associates!? 7 give detailed anatomical descrip- 
tions of the lumbar venous system based upon 100 cada- 
ver dissections. Interestingly enough, they found 539 
lumbar veins entering the cava compared to 475 in our 
series, and they found the majority to enter the right 
side of the cava while we found them more frequently 
on the left. They, too, found a greater number of multi- 
ple veins with a common trunk entering the cava than 
were seen in our series. A large number of variations 
and complex patterns were noted in both surveys. 

Whether or not there is a site of election for caval 
clipping or ligation has been a matter of conjecture. 
Collateral circulation, danger of cul-de-sac thrombosis 
proximal to a ligature or clip with recurrent embolism, 
technical problems of surgical exposure, and inadvertent 
hemorrhage from lumbar veins are primary considera- 
tions in answering this question. 

It has been shown that there is adequate collateral 
circulation after caval interruption at any level below 
the renal veins, although it is greater if the cava is 
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Fic. 10. Vena caval band in left anterolateral wall of vena cava 
just above bifurcation. Note probe through 1 cm. aperture. 
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ligated near the bifurcation since the right gonadal and 
lumbar vein channels remain effective. However, the 
possibility of embolism via these collateral channels 
counterbalances this advantage. Beltz and Condon? 
have shown experimentally that ligation level does not 
affect adequate collateral circulation appreciably in 
primates. 

Subrenal caval interruption is favored by some and the 
Soe work of Oughtred and Reynolds supports 
this view.® It leaves no pocket for proximal thrombosis 
and the large volume of blood from the right renal vein 
further discourages it. The true magnitude of the prob- 
lem of proximal thrombosis and resulting embolism has 
not been determined, although it has concerned all who 
interrupt the cava, particularly those who ligate. Ferris 
and associates’ have demonstrated this radiologically, 
but we have been unable to document it after clipping 
by cavography or autopsy in approximately 50 examina- 
tions. Subrenal caval interruption is usually no problem 
when operating through the transperitoneal approach, 
but when the retroperitoneal approach, which is better 
withstood by seriously ill patients, is used the level is 
difficult to reach and dangerous from the standpoint of 
inadequate exposure to control hemorrhage. 

We believe the present study shows that there are 
usually sufficient lumbar veins adequately distributed 
together with the gonadal and renal veins so that proxi- 
mal thrombosis is unlikely regardless of where a clip or 
ligature is applied to the infrarenal cava. However, in 
that 2% with one or no lumbar veins such a thrombus 
could occur particularly after complete caval occlusion. 
This is less likely with a clip which allows some blood 
flow unless it becomes blocked by an embolus. Lumbar 
vein flow may not be the only determinant. In our opin- 
ion, negative intrathoracic pressure combined with the 
pumping action of the diaphram and the pressure of the 
abdominal contents and the supine position may also 
be helpful in emptying the proximal cava and dis- 
couraging thrombosis. 

Hemorrhage from an inadvertently torn lumbar vein 
is a troublesome and sometimes dangerous occurrence. 
Arrangement of the lumbar veins was found unpredict- 
able, and they usually occurred singly rather than in 
pairs. However, in many instances two and sometimes 
three veins shared common caval orifices which entered 
the cava in various locations which are illustrated in 
Figure 4, These arrangements help explain difficulties 
sometimes encountered in controlling hemorrhage 
from these vessels and how attempts to expose them by 
caval retraction may cause enlargement of the tear, 
avulsion, or extension into the caval wall. 

Our study shows that lumbar veins are less likely to be 
found, and therefore more easily avoided, in the 3 cm. 
segment of the cava just proximal to the caval bifurcation 
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and the 1 cm. segment just distal to the right renal vein. 
On the other hand, the greatest concentration of lumbar 
veins was found just proximal and distal to the right 
gonadal vein. All things considered, the site of election 
of interruption should be at the subrenal level when 
using the transperitoneal approach and just proximal 
to the bifurcation when using the retroperitoneal ap- 
proach (Fig. 12). Ample blood flow should be available 
from the more numerous lumbar veins adjacent to the 
right gonadal together with the gonadal vein itself 
when the lower site is used, and from the right renal 
when the upper site is employed, so that proximal throm- 
bosis should be unlikely indeed. 

A knowledge of distance relationships of the major 
inferior vena caval tributaries is helpful in orientation 
particularly when using the retroperitoneal approach 
or performing “blind” procedures such as suction or bal- 
loon catheter extraction of a proximal thrombus through 
a femoral venotomy. 

Exposure through the retroperitoneal approach is 
limited at best and difficulty in recognizing the precise 
level of the vena cava is frequently encountered—liga- 
tures and clips have been placed mistakenly on the fight 
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Transperitoneal — {| 9" 
Approach 


Fic. 12. Sketch of infra- 
renal cava showing sites 
of election for caval in- 
terruption. 






Retroperitoneal — Pages 
Approach 


common iliac vein instead of the cava. This study shows 
the infrarenal cava to be approximately 12.3 cm. in 
length with the right gonadal vein joining it at approxi- 
mately one-fourth the distance from the right renal 
vein to the bifurcation. If one of these three reference 
points can be identified orientation in this region is 
facilitated. 

The average length of the iliofemoral segment (bi- 
furcation to profunda) was approximately 20 cm. 
(slightly longer on the left) with the right and left inter- 
nal iliac veins entering respectively at approximately 
one-fourth and one-third the distance from the bifurca- 
tion and the saphenous ` veins entering about 3 cm. 
proximal to the profundae. 

The number of tributaries entering the iliofemoral 
segments posteriorly or laterally varied greatly but ap- 
proximated two in each common iliac segment. These 
were usually the iliolumbar veins which enter the 
ascending lumbar channels which are important collat- 
erals after caval interruption and which contribute to 
the hazards of operating in this region. 

A common problem in iliofemoral thrombectomy is 
determining whether or not absence of back flow after 
removal of a thrombus is due to incomplete thrombec- 
tomy or a valve, The number of valves ranged from 
zero to five with an average of approximately one valve 
on each side per patient. Although they were well dis- 
tributed on the right, none was observed on the left 
witlfin the first 4 cm. distal to the bifurcation. Valves 
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were most commonly found on each side in the external 
iliac vein just proximal to the saphenous. 

No major anomalies of the vena cava were found. 
Anomalies of the right gonadal and renal veins dem- 
onstrated in Figure 8 may explain some instances of 
recurrent pulmonary embolism after conventional caval 
interruption, particularly embolism secondary to pelvic 
thrombosis. For example, if the vena cava is interrupted 
just distal to the right renal vein and the left gonadal is 
ligated just proximal to the left renal vein, as is commonly 
done in cases of pelvic thromboembolism, emboli from 
the pelvis could bypass these areas in cases where the 
right gonadal enters the right renal (Fig. 8-A) or where 
it branches and one branch enters the right renal (Fig. 
8-C). Recurrent embolism could also occur after caval 
interruption for iliofemoral thrombosis by way of anoma- 
lous connections between the cava and left gonadal 
vein (Fig. 8-F) or anomalous paracaval connections with 
left renal vein (Fig. 8-G). Davis, Milloy, and Anson‘ 
believe the latter arrangement to be a rudimentary left 
inferior vena cava. 

Of great interest were the vena caval bands. These 
were consistently located just proximal to the bifurcation 
usually on the left side. We have been unable to find 
references to these in the literature, and they probably 
represent embryonic defects. There was no evidence that 
these were residuals of thrombophlebitis. Several con- 
ceivably could have prevented the passage of a large 
embolus. 


Summary 


One hundred dissections of the adult infrarenal vena 
cava were performed and distances between the major 
caval tributaries, the number and location of the lumbar 
veins, iliofemoral tributaries and valves, and anomalies 
of the cava-iliofemoral system were documented. 

Approximately five lumbar veins per patient were 
found. They were haphazardly located, some shared a 
common orifice, and only 44 of the total of 475 were 
paired. Heaviest concentration was in the vicinity of 
the right gonadal vein with few being found just distal 
to the right renal and proximal to the caval bifurcation. 

The average patient exhibited five lumbar veins one 
above and four below the right gonadal vein, two ilio- 
femoral tributaries on each side just proximal to the in- 
ternal iliac, and one valve on each side located just 
proximal to the saphenous vein. 

There were no major caval anomalies; however 13 
anomalies of the gonadal and renal veins were found, 
seven of which could explain recurrent embolism after 
conventional caval interruption. Eight instances of vena 
caval bands were also noted; the origin and function of 
these is obscure. 
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Residuals of iliofemoral thrombophlebitis were found in 
five patients. 

The study suggests that the sites of election for caval 
interruption should be in the 3 cm. sector just proximal 
to the caval bifurcation when the retroperitoneal ap- 
proach is used, and in the 1 cm. segment just distal to 
the right renal vein when using the transperitoneal ap- 
proach. 
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DIscussION 


Dr. CHARLES Ecxerr (Albany): A number of years ago, one 
of our men, Dr. William Clark, carried out similar studies with 

articular reference to anomalies of the venous system. On the 

asis of this, we felt that transabdominal placement of the ligature 
or clip was preferable to the retroperitoneal approach, because 
in addition to the more accurate placement directly beneath the 
right renal vein, it also gave an opportunity to locate other 
anomalies of the venous system that might be additional sources 
of further embolic phenomena. 


Dr. Doveras H. Rinpeti (Nashville): In 1954 before this 
society we reported 34 patients with inferior vena caval ligation 
together with our indications and late results. . 

This may be related to Dr. Miles’ anatomical description today 
which I have enjoyed immensely. I do think, however, that we 
do see patients who once were candidates for caval interruption 
who have changed our thinking toward the more conservative 
treatment with adequate anticoagulant therapy. I emphasize the 
word “adequate” because often we see patients with thrombo- 
embolic disease who have not been treated vigorously or what 
we consider adequately. 

Our basic indications for vena caval ligation, Dr. Miles, really 
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have not changed sirce 1954, We had virtually the same anti- 
coagulants then that we use now. Dr. Anlyan and the group at 
Duke in 1952 stated that about 90% of patients with pulmonary 
embolism could be treated with anticoagulants alone. We agree 
with this. l 

May I congratulate Dr. Miles on an excellent anatomic study 
of the vena cava. 

I also urge conservatism in considering interruption of the 
inferior vena cava, since adequate anticoagulant therapy and 
vigorous supportive measures will suffice in most instances. 


Dr. Roserr M. Mires (Closing): I certainly appreciate the 
remarks of Dr. Eckert and my old friend, Dr. Doug Riddell. I 
would agree with Dr. Eckert on the transperitoneal approach, 
except we find the retroperitoneal approach is so much better 
tolerated by the seriously ill patient. 

Dr. Riddell’s remarks are not directly related to this anatomical 
study, and he and I can argue the virtues of anticoagulation 
versus clipping or ligation elsewhere. But we believe that the 
time to interrupt the cava, whichever method you use, is after 
the first embolus, because the risk of either ligation or clipping is 
indeed small when compared to the mortality rate associated with 
a second or third embolus. 


Repair of the Ureter Severed at Operation 


CHOMCHARK CHUNTRASAKUL, M.D., CHARLES ECKERT, M.D. 


_CCIDENTAL INJURY to the ureter at the time of ab- 
dominal or pelvic operations is a compara- 
tively infrequent complication, nevertheless all surgeons 
whose field includes the abdomen or retroperitoneum 
should have a specific plan of action for repair, should 
ureteral injury occur. If the ureter is injured close to the 
bladder, ureteroneocystostomy should be done. For in- 
juries not amenable. to treteroneocystostomy direct anas- 
tomosis is indicated. The “traditional” method of repair 
or anastomosis includes the use of interrupted fine cat- 
gut sutures along with catheters to either splint the 
anastomosis or divert the flow of urine from its surface 
(Fig. 1). No attempt is made to secure a water tight su- 
ture line. Non-absorbable sutures have not been used; 
primarily because of fear of precipitation of salts con- 
tained in urine, leading to growing concretions, and 
eventually to infection and obstruction. However, the 
traditional method of repair is attended by a high rate 
of late stricture formation, fistula formation or persis- 
tent infection leading to: secondary, operations on the 
ureter and at times to nephrectomy.45° _ 

Moore? investigated numerous methods of performing 
end-to-end repair of the severed ureter. The early results 
of most of these methods weré generally encouraging, 
however in the majority of cases stricture of the anastomo- 
tic site occurred at a later date and Moore concluded 
that this complication appeared to be almost inevitable, 
irrespective of the method used. Hamm and Weinberg’ 
improved on the method of repair and achieved better 
results.in both experimental and clinical studies. Their 
procedure consisted of proximal urinary diversion and 
oblique ureteral anastomoses without tensiori using six to 
eight interrupted fine catgut sutures. No internal splints 
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were employed. Wright and Carlton! introduced a 
method of water tight closure with continuous locking 
rionabsorbable sutures under moderate tension without 
an internal splint or proximal urinary diversion. The re- 
sults of this method were impressive, however, insofar 
as in many instances there was a foreign body inflam- 
matory response at the anastomotic site, and other im- 
perfections were noted on gross examination the technic 
was imperfect. Cass, Schmalzle and Hinman? compared 
continuous and interrupted absorbable sutures in dogs. 
They found that continuous suture technic took less 
time to perform, resulted in less mortality from leakage 
and provided as good or better functional results than the 
previously described technics which employed inter- 
rupted sutures. However they based their conclusions on 
IVP examinatioris and microscopic examinations of the 
ureter were not reported. 

In recent years the manufacturers of sutures have 
made available a number of exceedingly fine, nonabsorb- 
able and only slightly reactive suturés, primarily for use 
in cardiovascular surgery. We had used these sutures for 
closure of the common bile duct after exploration and 
for ureteroileal anastomoses in the formation of ileal 
conduits for urinary diversion. Since non-absorbable su- 
tures appeared to be well tolerated in these somewhat 
comparable situations, we have carried out experimental ; 
studies of primary end-to-end anastomosis of the inten- 
tionally severed ureter in dogs. It is our purpose in this 
report to describe these experiments, the long-term re- 
sults achieved and to detail the histories of two pa- 
tients in whom accidental division of the ureter was 
repaired with the technic we describe, along with pyelo- 
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Fic. 1. Diagramtic illustration of the traditional methods of repair. 


grams obtained 6 and 7 years respectively following re- 
pair. 


Materials and Methods 


Six mongrel dogs of average weight 55-65 lbs. were 
used in this experiment. In each dog one ureter was 
operated upon, the other ureter was left intact for com- 
parison, In each of two dogs 6-0 interrupted silk, 6-0 
polypropylene and 6-0 mersiline sutures were used respec- 
tively. All animals had an intravenous pyelogram (IVP) 
preoperatively. The animals were anesthetized with intra- 
venous pentobarbitol and the airway was maintained by 
intubation. The ureter was exposed through a mid-line 
abdominal incision and a segment in the lower third 
was dissected free taking care to protect the blood sup- 
ply. After transection the ends were spatulated and end- 
to-end anastomosis was accomplished (Fig. 2). Accurate 
placement of the sutures were aided by use of a magnify- 
ing loupe (4x). Between 6-8 sutures were used for each 
anastomosis. Neither ureteral splints or proximal drainage 
were employed. The ureter was replaced in the retro- 
peritoneum and a % inch penrose drain placed at the 
anastomosis was brought out extraperitoneally through 
the flank. The peritoneum was approximated with a con- 
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tinuous suture of 4-0 catgut and the incision was closed. 
The drain was removed within 72 hours. Antimicrobials 
were not used. The animals were fed a regular diet on the 
first postoperative day and thereafter. Intravenous pyelog- 
raphy was repeated at 3 weeks, 3 months and 6 months 
in each animal. At 6 months the animals were sacrificed 
and at this time the kidneys, ureters and the bladder was 
removed for gross and microscopic examination. 


Results 


All six dogs remained alive and well during the period 
of study. None of the animals developed any signs of 
urinary leakage, peritonitis or infection of the retroperi- 
toneal space. IVP at 3 weeks showed that in all of the 
animals there was slight narrowing at the anastomotic line 
with proximal dilatation of the ureters and renal pelves 
(Fig. 3). However, no functional stricture occurred and 
there was no further development of hydroureter or 


Diagrammatic representation 
of ureteral anastomosis. 





Interrupted suture 





Fic. 2, Diagramatic illustration of the method employed in the 
present study, 


Fic. 3. IVP at 3 weeks, 
hydronephrosis and hy- 
droureter are present on 
the right side. 





hydronephrosis in any of the animals. On the three month 
IVP all signs of hydroureter and hydronephrosis had dis- 
appeared (Fig. 4), and the 6 months’ studies were also 
normal. This was confirmed by retrograde uretero- 
pyelogram and direct examination of the gross specimens 


Fic. 4. IVP at 3 months 
showing return to normal. 
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Fic. 5. IVP at 6 months, 
dilatation at the anasto- 
motic sites is the only 
abnormality. 


at the time of sacrifice (Figs. 5,6). During autopsy exam- 
ination. the anastomotic lines were carefully examined 
and in each instance they showed a minimal periureteral 
inflammatory response. The circumference at the anasto- 
motic line in each animal was larger than the average 
circumference of other parts of the ureter. On section 


Fic. 6. Retrograde ure- 
teropyelogram at time of 
sacrifice. 
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Fic. 7A. Anastomosis 
(polypropylene). 





the suture lines were found to be intact. The ureteral 
mucosa was smooth and the lumina of the ureters was 
widely patent. Occasionally minimal mucosal elevation 
was noted but there was no calculus formation on the 
mucosal surface of any anastomotic line (Figs. 7, A, B, 
C). The ureter at the site of the anastomosis was thicker 
than the remainder of the ureter for approximately 1 cm. 


Fic. 7B. Anastomosis 
(mersiline ). 
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Fic. 7C. Anastomosis 


(silk). 





on either side of the repair. All the sutures were com- 
pletely covered by urothelium although frequently they 
could be seen from the internal surface of the ureter, In 
no animal was a stricture, hydroureter or hydronephrosis 
found at the time of sacrifice. Microscopic examination 
of the ureter at the level of anastomosis showed minimal 
periureteral fibrosis, very little foreign body reaction to 
either polypropylene sutures or mersiline and slightly 
greater reaction to silk sutures (Figs. 8, A, B, C). The 
presence of a urethelial covering of the sutures was 
confirmed. Focal hyperplasia of the urothelium and mod- 
erate hyperplasia of the muscularis mucosa were noted 
in all dogs. In one ureter repaired with silk ossified 
suture material was seen. 


Case Reports 


Case 1. W. B. On July 14, 1965 in the course of resection of 
a sigmoidvesicle fistula secondary to diverticulitis the left ureter 
was inadvertently divided at a level which would not permit 
ureteroneocystostomy. For this reason end-to-end anastomosis was 
performed after spatulation of the ends of the ureter. Interrupted 
sutures of 6-0 silk were used. Follow-up IVP showed first degree 
hydronephrosis with return to normal at 3 months. An IVP on 
March 22, 1972 showed a normal upper urinary tract bilaterally. 
A short segment of the terminal ureter distal to the anastomosis 
was dilated. The reason for this is obscure (Fig. 9). 

Case 2. M. L. On November 24, 1965 in the course of resec- 





Fic. 8A. Photomicrograph. A polypropylene suture is seen, note 
the absence of cellular infiltrate. 


tion of a salpingosigmoidcutaneous fistula a segment of the left 
ureter was deliberately excised. After mobilization the ends were 
spatulated and an end-to-end anastomosis was performed using 
interrupted 6-0 silk sutures. Initial pyelograms showed hydro- 
nephrosis, but 4 months later the examination was normal, On 
November 5, 1971 the IVP was also normal (Fig. 10). 


Discussion 


The healing of wounds with minimal inflammatory re- 
sponse by avoiding infection, and using the smallest, 
least reactive sutures with adequate tensile strength 
should in turn minimize the amount of scar tissue that 
will be formed. In the healing of epithelial lined ducts 
in the body this is of particular importance, for any in- 
crease in scar formation is likely to produce a stricture. 
The smaller the duct, the more critical will be the rela- 
tion between scar formation and functional obstruction. 
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In order to maintain luminal diameter catheters have 
been placed within ducts which have been anastomosed 
to serve as splints and to divert the secretions carried by 
the ducts during the healing process. Although a cathe- 
ter used in this manner will serve these functions, it will 
also act as a foreign body and will thereby increase the 
inflammatory response with resultant increase in the like- 
lihood of stricture formation. If exteriorized through 
urethra or renal pelvis, catheters will also increase the 
likelihood of infection. For these reasons many surgeons 
have in recent years ceased using them. 

The ureter of dogs is considerably smaller and more 
difficult to approximate with accuracy than is the ureter 
in man. If satisfactory results can be obtained in this spe- 
cies, it should be easier to obtain satisfactory results in 
man. Although the number of experiments is small and 
our clinical experience has been limited to two patients, 
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was used. Inflammatory response is present, but minimal. 
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Fic. 9. Seven-year follow-up pyelogram after repair showing no 
evidence of hydronephrosis or hydroureter. The dilatation of the 
lower ureter was present in the preoperative pyelogram and is 
unexplained. 


* the uniformly good results which have been obtained 
support our contention that this technic will avoid the 
consequences of salt deposition, stricture formation, hy- 
droureter and hydronephrosis. 


Summary 
A technic for ureteral anastomosis using 6-0 non-absorb- 
able interrupted sutures is described, Evidence is given 
that this technic will give good results in dogs and man. 
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DISCUSSION 


Dr. Joser H. Prarr (Rochester): I think this is an excellent 
work and an excellent study, although I do not agree with the 
conclusions. I think the urinary tract is one tissue in the body 
that will do more to heal itself, under any circumstance, than 
any other tissues of the body. It is primarily a question of whether 
we can get the ends of the ureter together. If we can get any 


Fic. 10. Six-year follow-up pyelogram after repair. The renal 
pelvis and calyces on the involved side (left) are normal, the 
ureter is not well visualized. 
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part of the ends of the ureter together, the ureter will try to 
re-form as a tube and I prefer using a splint if it is possible. 

I do not agree with the use of nonabsorbable sutures. I am 
leery of nonabsorbable sutures in the urinary tract. If the sutures 
go into the lumen of the ureter, I think there is a possibility of 
stone formation, and for that reason I much prefer to use absorb- 
able catgut sutures. 
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I do feel the work was done superbly and that it represents an 
excellent research study on these dogs. We have tried various 
methods of ureteral anastomoses in Rochester when we have 
been in trouble. We have put ureters back together end-to-end, 
everting the ends; we have made ariastomosis with a straight- 
forward end-to-end anastomosis, and we have cut the ends on a 
slant. We have spatulated the ends and even tried a Z-plasty, so 
that the corners fit one into the other. 

The one point that should be emiphasized is: no tension. If 
there is any question of tension on the suture lines—and one 
may lose tissue when the ureter is damaged—the anastomosis of 
that ureter may not hold regardless of suture materials. One must 
make the anastomosis without tension. If it is possible, then 
consider a skin ureterostormy, or even put a catheter into the 
ureter and let the ureter stay down in its bed. After the im- 
mediate reaction has quieted down, one can then go back into 
the abdomen and consider utilizing a segment of ileum between 
the ureter and the bladder. The kidney can be saved that way, 
and one gets out of a bad situation. Particularly, if the patient is 
in poor shape, do not be hesitant about temporizing. 

Really, the only fault to find with this superb piece of work is 
the fact that I am scared of nonabsorbable sutures in the urinary 
tract; and I think 6 months is a little early for such a study. On 
the other hand, the two patients that have gone 7 and 6 years 
have done fine, and I do not believe-that any of the suture 
material could be inside the lining of the ureters. 

I think, even though in the diagrams it shows the suture 
material inside the ureter, the mucosa must be intact over the 
silk, or the nonabsorbable material. 


Dr. Don GrirfitH (Houston): The Department of Urology at 
the Baylor College of Medicine has been very interested in ureteral 
repair, under conditions similar to those outlined by Dr. Eckert. 
We also believe that a spatulated primary anastomosis is the 
preferred type of ureteral repair when possible.1.2.3 

[Slide] With a damaged ureter, we believe that the ureter 
Should be severed and debrided so as to present clean surgical 
edges. The ureter is mobilized and the proximal and distal seg- 
ments are spatulated 7-10 mm on opposing sides. The anastomo- 
sis is completed with a running, locking 4-0 chromic catgut 
suture; we attempt to make this anastomosis watertight. 

This type of ureteral anastomosis was initially used on ten 
dogs,? using teflon coated, braided 6-0 polyethylene suture. 
Ureteral splints and urinary diversion were not utilized. Seven 
months postoperatively seven dogs had completely normal urinary 
tracts. One uretor was completely obstructed, presumably due to 
poor surgical technic. Two dogs had moderate degrees of hy- 
dronephrosis. 
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In all of these cases there was some degree of inflammation and 
papillary hyperplasia of the urothelium at the anastomotic site. 
In three instances the polyethylene suture was absent. We believe 
the suture was extruded into the ureteral lumen and passed in 
the urine. l 

Based on these dog studies we have elected to perform similar 
types of anastomoses in the clinical situation using absorbable 
4-0 chromic catgut suture. Primary spatulated ureteral re-anas- 
tomosis without diversion and without splints is our current rou- 
tine for the repair of clean noninfected ureteral injuries. A pen- 
rose drain is placed at the anastomotic site. We have used this 
technic in 21 cases of pyeloplasty, 12 cases of ureteral anastomo- 
sis and 84 cases of ureteral re-implantation. In these 117 cases, 
there have been two niinor complications requiring endosopic 
ureteral catheterization and one major complication requiring 
reoperation. 
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Dr. CHARLES Ecxerr (Closing): I am familiar with the work 
at Baylor, which has been published, and to which reference is 
made in the text. The only reason why we thought our technic 
might be a little better is that we did not see nodulation quite 
as frequently as they showed in their slides and their article. 

Dr. Pratt asked me to mention, and to emphasize, that we use 
magnifying lenses to do this anastomosis. In the dog it is abso- 
lutely imperative, because the dog’s ureter is really very small, 
so small in fact that I can assure you that if you can do anastomo- 
sis successfully in dogs, you can do it successfully in the human. 

Dr. Pratt, I do not expect to make any converts for the use of 
nonabsorbable sutures in the urinary tract. These were placed 
through and through the wall of the ureter, and I believe that as 
long as primary healing occurs, they will be rapidly covered by 
epithelium, and that the likelihood of incrustations or calcareous 
depesition is remote. This was really the basis for doing the dog 
experiments, to see whether any such deposits developed, and I 
am pleased to say that none of the suture lines showed calcareous 
deposits. 
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Why tolerate lost clips, slipped clips, 

or loose appliers? ETHICON, INC. now 

offers you the new reliable LIGACLIP Ligating 

Clips and Appliers. Meticulously crafted appliers 

grasp the clips and shape them to fit and lock into the 
applier. Unlike ordinary clips, they're secure from pick-up 
to closure. Just as ETHICON, INC. offers you 

LIGAPAK* Ligatures as a superior alternative in suture 
ligation, this new system sets the standard in clip ligation. 
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unparalleled security 
from pick-up to closure 


secure transfer 


There’s no need for you—or the nurse— 
to maintain tension during transfer since 
the clip is locked in the applier. Trans- 
fer is fast and secure. 


accurate placement 

The applier and clips are designed to 
provide accurate alignment. Twisting 
and slipping are virtually eliminatec. 


precise distal closure 

When you apply pressure, the Tantalum 
clip forms a precise distal closure. 
Applier withdrawal is smooth and easy. 
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Travase® Ointment brand of Sutilains 


APPLICATION TECHNIQUE: TRAVASE Ointment is indicated as an adjunct 
to established methods of wound care for biochemical debridement. It 
dissolves and facilitates the removal of necrotic tissues and purulent 
exudates. 

TRAVASE enzymes are selective. Virtually inactive on viable tissue. 


When this recommended nursing technique is followed without déviation, 
this procedure can generate visible improvement within 48 hours... 





"Ulcer being irrigated) Thoroughly soak the wound With a sterile cotton swab or 
Thoroughly cleanse and area. Where practical, tubbing finger cot, apply a very thin 
irrigate the wound area using or showering is suitable. Or layer of TRAVASE Ointment. 
only sterile water or sodium wet soaks with gauze pads The ointment spreads easily 
chloride solution. Be sure to may be used. Remember to and only a small amount is 
cleanse the wound of any avoid chemical cleansing needed (a small dab of 
antiseptics or heavy-metal agents which may interfere ointment will cover an area 
antibacterial agents which with the therapy. as big as the back of a hand). 


may interfere with the 
enzyme activity. 


Be sure, though, to rub the 
ointment well into every crack 
or crevice of the wound and 
overlap the surrounding skin 
one-fourth to one-half inch 
beyond the area to be 
debrided—to be sure of 
complete coverage. 





Apply loose, wet dressings, Cover the moist dressings When changing dressing, 
thoroughly soaked in sodium with an occlusive wrap gently wipe away the 
chloride solution or sterile (Saran wrap, Telfa Pads, or dissolved material. Repeat the 
water to the area to be other plastic wrappings) to complete dressing procedure, 
debrided only. keep wound site moist. Do not including application of 
extend occlusive wrap over TRAVASE Ointment, four 
¥ inch beyond area to times daily. 


be debrided. 


The ulcer shown in these photos is simulated on a model in order to demonstrate 
the correct TRAVASE application technique. 
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Deerfield, Illinois 60015 
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Additional Information on TRAVASE® Ointment (brand of Sutilains) 


In-service training program 
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DESCRIPTION: TRAVASE® (brand of sutilains) Ointment is a sterile 
preparation of proteolytic enzymes, elaborated by Bacillus subtilis, in a 
hydrophobic ointment base consisting ot 95% white petrolatum and 5% 
polyethylene. One gram of ointment contains approximately 82,000 casein 
units* of proteolytic activity. 


ACTION: TRAVASE Ointment selectively digests necrotic soft tissues by 
proteolytic action. It dissolves and facilitates the removal of necrotic 
tissues and purulent exudates that otherwise impair formation of 
granulation tissue and delay wound healing (4). 


At body temperatures these proteolytic enzymes have optimal activity îi" 
the pH range from 6.0 to 6.8. a 


INDICATIONS: For wound debridement (1,2)—TRAVASE Ointment is 
indicated as an adjunct to established methods of wound Care for 
biochemical debridement of the following lesions: 


Second and third degree burns, 

Decubitus ulcers, 

incisional, traumatic, and pyogenic wounds, 
Ulcers secondary to peripheral vascular disease. 


CONTRAINDICATIONS: Application of TRAVASE (brand of sutilains) 
Ointment is contraindicated in the following conditions: 


Wounds communicating with major body cavities, 
Wounds containing exposed major nerves or nervous tissue, 
Fungating neoplastic ulcers, 


Wounds in women of child-bearing potential—because of lack of 
laboratory evidence of effects of TRAVASE upon the developing fetus. 


WARNING: Do not permit TRAVASE Ointment to come into contact with 
the eyes. In treatment of burns or lesions about the head or neck, should 
the ointment inadvertently come into contact with the eyes, the eyes should 
be immediately rinsed with copious amounts of water, preferably sterile. 


PRECAUTIONS: A moist environment is essential to optimal activity of ie 
enzyme. Enzyme activity may also be impaired by certain agents. In vitro, 
several detergents and antiseptics (benzalkonium chloride, 
hexachlorophene, iodine, and nitrofurazone) may render the substrate 
indifferent to the action of the enzyme (3). Compounds such as thimerosal, 
containing metallic ions interfere directly with enzyme activity to a 

slight degree, whereas neomycin, sulfamylon-streptomycin, and penicillin 
do not affect enzyme activity. In cases where adjunctive topical therapy 
has been used and no dissolution of slough occurs after treatment with 
TRAVASE Ointment for 24 to 48 hours, further application, because of 
interference by the adjunctive agents, is unlikely to be rewarding. 


In cases where there is existent or threatening invasive infection, 
appropriate systemic antibiotic therapy should be instituted concurrently. 


Although there have been no reports of systemic allergic reaction in 
humans, studies have shown that there may be an antibody response in 
humans to absorbed enzyme material. 


ADVERSE REACTIONS: Adverse reactions consist of mild, transient pain, 
paresthesias, bleeding and transient dermatitis. Pain usually can be 
controlled by administration of mild analgesics. Side effects severe 
enough to warrant discontinuation of therapy occasionally have occurred. 


If bleeding or dermatitis occurs as a result of the application of TRAVASE 
(brand of sutilains) Ointment, therapy should be discontinued. No systemi 
toxicity has been observed as a result of the topical application of 
TRAVASE Ointment. 


Dosage and Administration 


STRICT ADHERENCE TO THE FOLLOWING IS REQUIRED FOR EFFECTIV 
RESULTS OF TREATMENT 


a 
1. Thoroughly Cleanse and Irrigate Wound Area with sodium chidwig 
or water solutions. Wound MUST be cleansed of antiseptics or 
heavy-metal antibacterials which may denature enzyme or alter 
substrate characteristics (e.g., Hexachlorophene, Silver Nitrate, 
Benzalkonium Chloride, Nitrofurazone, etc.). 


2. Thoroughly moisten wound area either through tubbing, showerin 
or wet soaks (e.g., sodium chloride or water solutions). 


3. Apply TRAVASE Ointment in a thin layer assuring intimate conta¢ 
with necrotic tissue and complete wound coverage extending to 
V4 to V2 inch beyond the area to be debrided. 


4. Apply loose wet dressings. 


5. Repeat entire procedure 3 to 4 times per day for best results. 


How Supplied 

3P3002 TRAVASE Ointment is supplied sterile in one-half ounce tubes 
(14.2 g.) containing 82,000 casein units of sutilains per gram of 
hydrophobic ointment base. 


The ointment must be stored under refrigeration at 2° to 10° C 
(35° to 50° F). 
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*A casein unit is the amount of enzyme required to produce the same 
optical density at 275 mų as that of a solution of 1.5 mcg. tyrosine/ml. 
after the enzyme has been incubated with 35 mg. of casein at 37° C. fol 
one minute. 
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Ten Years Experience with the Surgical Management of 


E XPERIENCE with the detection and treatment of reno- 

vascular hypertension varies greatly from one med- 
ical community to another. In a few centers patients with 
this condition are being identified regularly, while in other 
institutions there is little or no interest in renovascular 
hypertension. There are a number of reasons for this dis- 
parity. They include: The belief that renal artery stenosis 
is an uncommon cause of high blood pressure; the belief 
that antihypertensive drug therapy is as good or better 
than operative treatment; apprehension about hazards of 
the diagnostic tests required to establish the diagnosis of 
renovascular hypertension; finally, the fact that many pa- 
tients have had operative treatment for presumed reno- 
vascular hypertension which they did not have and 
were not benefited. 

The incidence of renovascular hypertension is unknown. 
However, as this report will show, it is a common condi- 
tion and is, in our opinion, the underlying etiology in 
about 5% of patients who have diastolic hypertension. 
A comparative study of drug therapy and operative treat- 
ment of renovascular hypertension has not been done. 
The hazards associated with aortography, split renal func- 
tion studies and renal venous renin assays, although real, 
are very small. The finding of renal artery stenosis in a 
hypertensive patient does not suffice to establish the 
diagnosis of renovascular hypertension. Functional tests 
to determine whether or not the stenosis is the cause of the 
hypertension must be done. 

* For the past ten years at Vanderbilt University Medi- 
cal Center, a multidisciplinary group has been studying 
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hypertensive patients for evidence of an underlying cor- 
rectable cause. This report will summarize the experi- 
ence with renovascular hypertension. 


Clinical Material 


During the ten-year period, 1070 hypertensive patients 
have been studied. Following hospitalization all pa- 
tients underwent a detailed evaluation as shown in 
Table 1. Those patients who had renal artery stenosis 
demonstrated by renal arteriography then had split renal 
function studies (Howard and Stamey Tests)* and 
renal venous renin assays to ascertain the functional 
significance of the arterial lesion. By our criteria if either 
of these tests were positive the diagnosis of renovascular 
hypertension was established. Table 2 depicts the inci- 
dence of renal artery lesions and renovascular hyperten- 
sion in this series. Four hundred and sixty patients had 
renal artery stenosis, of these 176 or 39% had renovascular 
hypertension. Sixteen per cent of the entire group of 
1070 patients had renovascular hypertension. To date 
148 of these patients have had operative treatment. Fig- 
ure 1 shows the number of renal artery operations per- 
formed each year since 1961. However, for the purposes 
of this report, only the first 122 patients will be con- 
sidered. This is done in order to provide a minimum 
postoperative follow-up of at least 6 months. The other 
26 patients have been operated upon since May of 1972. 


Clinical Data 


Pertinent clinical characteristics in the 122 patients are 
summarized in Table 3. Fibromuscular dysplasia was 
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TABLE 1. General Evaluation of Patient with Hypertension 





History and Physical Examination 

Hemogram, SMA 12, Urinalysis, Urine Culture 

Serum K X 3, Electrocardiogram and Chest X-Ray 

Analysis of 24 Hour Urine Collection for: 
Creatinine Clearance, Electrolytes, 
Catecholamines, VMA, and 170H Steroids 
and Ketosteroids 

Rapid Sequence Intravenous Pyelogram 

Renal Arteriography 


the renal artery lesion in 44 patients, of which 70% were 
female. In 78 patients, atherosclerotic plaques were the 
cause of renal artery stenosis, of which 67% occurred in 
males. A family history of hypertension was common in 
both groups. Only 6% of the 122 patients were black 
although over 33% of the 1070 patients studied were 
black. The patients ranged in age from 4 months to 69 
years, 43% of the patients were over 50 years of age. 
Although the patients with fibromuscular lesions were 
much younger than the atherosclerotic group the fre- 
quency of left ventricular hypertrophy, as determined by 
electrocardiogram, was about the same in the two 
groups. Similarly, the duration of hypertension was not 
greatly different in the two groups. The average pre- 
operative diastolic blood pressure in patients from both 
groups ranged between 105 to 140 mm. Hg. 


Special Diagnostic Studies 


Rapid Sequence Excretory Urogram. Radiographs are 
made at 1, 2, 3, 4, 5, 10, and 30 minutes after injection of 
the contrast medium. The five criteria suggestive of reno- 
vascular hypertension are: (1) Unilateral delay in caly- 
ceal appearance in time; (2) Difference in renal length 
of 1.5 cm. or more as compared to the contralateral kid- 
ney; (3) Hyperconcentration of the contrast medium 
on the late films; (4) Ureteral notching secondary to 
increased size and tortuosity of the ureteral artery and 
(5) Defect in the renal silhouette suggestive of seg- 
mental renal infarction. Figure 2 shows that in 38 or 31% 
of the 122 patients the IVP yielded a false negative result, 
18 in patients with unilateral stenosis and 20 in patients 


TABLE 2. Results of Evaluation of 1070 Hypertensive Patients 


Renal Renovascular 
Arteriogram Hypertension* 
Normal 610 (57%) — 
Renal Artery Stenosis 
Due to: 
Atherosclerosis 297 16% 


ma 
(43%) 30% 
62 


Fibromuscular Dys- 


plasia 163 
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* Positive Functional Tests—Split Renal Function Studies or 
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with bilateral lesions. The criteria for interpretation of 
the IVP depend on comparing one kidney to the other, as 
do some of the other diagnostic studies, Bilateral renal 
artery lesions complicate the interpretation of these 
tests. However, in many patients with bilateral lesions 
the stenosis is more severe on one side and the IVP, split 
function studies and renin assays will often lateralize to 
that side. In 20 of the 40 patients with bilateral lesions 
the IVP did lateralize. 

Renal Arteriography. Counting follow-up studies, re- 
peat studies and the primary arteriograms the 1070 pa- 
tients in this study have had 1423 renal arteriograms. 
Major complications attended the procedure in six 
(0.4%) patients. In additiori to the abdominal aorto- 
gram, selective renal arteriograms in various oblique 
projections were required to properly visualize the renal 
arteries. (These multiple injections of contrast medium 
are not counted as separate arteriograms in the above 
data related to complications.) In a number of patients 
the anterior-posterior aortogram failed to reveal a renal 
artery stenosis which was then clearly delineated on a 
selective oblique renal arteriogram (Fig. 3). A consider- 
able portion of the course of the renal arteries is primarily 
in the anterior-posterior plane. 





TABLE 3. Clinical Information 
Fibromusuclar 
Dysplasia Atherosclerotic Total 

Male 13 (30%) 52 (67%) 65 (53%) 
Female 31 (70%) 26 (33%) 57 (47%) 
White 41 (93%) 76 (97%) 117 (96%) 
Black 3 (7%) 2 (3%) 5 (4%) 
Family History of 

Hypertension 24 (55%) 40 (51%) 64 (52%) 
Left Ventricular 

Hypertrophy 26 (59%) 49 (63%) 75 (61%) 
Mean Age 32.6 vears 50.4 years 
Mean Duration of 

Hypertension 4.6 years 5.1 years 
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Fic. 2. Interpretation of the preoperative rapid sequence intra- 
venous pyelogram in patients with fibromuscular dysplasia and 
atherosclerotic lesions of the renal artery. 


Figure 4 shows the site and nature of the renal artery 
lesions in the 122 patients. Unilateral fibromuscular 
lesions were more common on the right and unilateral 
atherosclerosis more frequent on the left side. Bilateral 
lesions were equally frequent in the two groups. Athero- 
sclerosis typically involved the proximal third of the 
renal artery and fibromuscular lesions usually involved 
the middle and distal third of the renal artery. 

Split Renal Function Studies. Preoperative split renal 
function studies (Howard and Stamey Tests) were ob- 
tained in 101 patients. In the other 21 patients the tests 
were not done or were technical failures. The following 
liberalized criteria for a positive test were utilized in in- 
terpreting the results; Howard Test—25% reduction in 
urine volume and 25% increase in creatinine concentration 
from the kidney with renal artery stenosis as compared 
with the contralateral kidney. Stamey Test—25% reduc- 
tion in urine volume and 25% increase in PAH concentra- 
tion from the affected side. In patients with unilateral le- 
sions the Howard Test was positive in 70% of the cases and 
the Stamey Test was positive in 55% of the cases. How- 
ever, if the results of the two tests are combined 97% 





Fic. 3. Comparison of antero-posterior and oblique projections of 
renal arteriogram showing lack of demonstration of lesion on 
antero-posterior projection. 


SURGICAL MANAGEMENT OF RENOVASCULAR HYPERTENSION 


T57 


FIBROMUSCULAR 
RIGHT 
LEFT 

BILATERAL [= 


HYPERPLASIA 


Se ae 
MMMM 





ATHEROSCLEROTIC 


LEFT 
BILATERAL [2 





# PATIENTS O 5 IO I5 20 25 30 35 40 


* Lesion as shown by Arteriography 


Fic. 4. Site of lesion as shown by arteriography in 122 patients 
with renovascular hypertension. 


of the patients had a positive Howard or Stamey Test 
(Table 4). In patients with bilateral lesions the test re- 
sults lateralized to the dominant side in 78% of the cases. 

Renal Venous Renin Assays. In preparation for obtain- 
ing renal venous blood samples, antihypertensive medica- 
tion was discontinued 1 week in advance and the patient 
was placed on a 2 Gm. sodium diet at least 2 days before 
the test. The patient was kept in the supine position for 
3 hours before the test and the blood samples were drawn 
with the patient in the supine position. The catheter was 
localized in the renal veins under fluoroscopic control 
and proper placement confirmed by checking oxygen 
saturation in the renal venous blood. When the ratio of 
the renin activity from the involved kidney to the unin- 
volved kidney was 1.5 or greater the test was considered 
positive.’ Table 5 shows the results in 99 patients. In pa- 
tients with unilateral lesions the test was positive in 80% 
of the cases. Bilateral lesions showed a dominant side 
in 65% of the cases. 

If the results of the functional tests are combined then 
all 90 patients with unilateral lesions had either a posi- 
tive Howard Test or a positive Stamey Test or a positive 
renin ratio. 


Preoperative Preparation 


Thirty-three patients had significant blood volume def- 
icits. Table 6 shows the mean and range of the deficit in 
this series. Any patient with blood volume deficit of 500 
cc. or greater had it replaced in the 24 hours prior to 
operation. 


Preoperative Split Renal Function Studies 
(101 Patients) 


TABLE 4. 





Unilateral Lesion Bilateral Lesion 





# Patients Per Cent # Patients Per Cent 
Positive 62 97% 29 78% 
Negative 2 3% 8 22%. 
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TABLE 5. Preoperative Renal Vein Renin Determination 


(99 Patients) 
Unilateral Lesion Bilateral Lesion 
# Patients Per Cent # Patients Per Cent 
Positive 49 80% 24 65% 
Negative 12 20% 14 35% 


Renin Activity—Involved Kidney 


Renin Activity—-Uninvolved Kidney Sree Oh gy ae OBE 


Patients with severe hypertension, diastolic pressures 
in excess of 120 mm. Hg, received antihypertensive drug 
treatment for several days prior to operation. Alpha 
methyldopa was the drug used most frequently. Ordi- 
narily it was discontinued 24 hours prior to operation but 
in many cases it was continued up to the time of opera- 
tion. There were no anesthetic or postoperative complica- 
tions attributable to the use of this agent. 

Finally, operative treatment was not undertaken until 
it was certain that split renal function studies or aorto- 
graphy had not caused an elevation in the blood urea 
nitrogen level. If such was encountered operation was 
delayed until it returned to normal. Following aorto- 
graphy there may be a marked fall in the hematocrit. 


The day following aortography the hematocrit was 
checked. 


Operative Management 


The variety of operative procedures performed are 
shown in Table 7, An aorto-renal bypass graft was done 
in 72 patients, of which 16 were bilateral. Thus 93 bypass 
grafts were implanted. The bypass material was saphen- 
ous vein in 63, hypogastric artery in three and dacron in 
27. Nineteen patients had thromboendarterectomy with or 
without a patch graft, of which three were bilateral. In 16 
patients renovascular reconstruction was combined with 
other vascular operations; abdominal aortic aneurysmec- 
tomy in six cases, aortoiliac or femoral bypass in five 
cases and operations for occlusive lesions of the celiac or 
superior mesenteric artery in three cases. 

Aortorenal bypass graft has been the most common op- 
eration and saphenous vein the usual graft material. The 
details of the operative technic as it has evolved over the 
years are as follows: A transverse, supra-umbilical incis- 
is made. Mannitol, 12.5 Gms., is administered slowly by 
intravenous route. Heparin, 50 mg., is given intravenously 


TABLE 6. Preoperative Blood Volume Deficit in 33 Patients 
Biood Volume Red Blood Cell Plasma Volume 
Deficit Deficit Deficit 
Mean 997 cc 560 cc 438 cc 
Range 504--1740 cc 90-984 cc 45-1140 cc 
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TABLE 7. Primary Operative Procedures 


Fibro- 
muscular Athero- 
Procedure Dysplasia sclerotic Total 
Vein Bypass Grafts 
Single Aorto-Renal 22 25 47 
Bilateral Aorto-Renal 3 5 8 
Dacron Bypass Grafts 
Single Aorto-Renal Í 10 11 
Bilateral Aorto-Renal Í 7 8 
Thromboendarterectomy 
(TEA) 
Single 3 13 16 
Bilateral 3 3 
Nephrectomy 11 15 26 
Other 
Autogenous Arterial 
Bypass 3 3 
44 78 122 





just prior to application of the occluding vascular clamps. 
The aorta is exposed at the base of the small bowel mesen- 
tery, the fourth portion of the duodenum is mobilized to 
the right and the left renal vein is then exposed and 
mobilized. For a left renal artery bypass the renal vein is 
usually retracted anteriorly and the end-to-side anasto- 
mosis between the graft and renal artery is done posterior 
to the vein. Occasionally it is easier to retract the renal 
vein caudally and do the anastomosis above the vein. For 
a right renal artery bypass the vena cava is mobilized, two 
or three pair of lumbar veins are divided and ligated and 
the vena cava retracted laterally so that the anastomosis 
is done behind the cava. Sometimes it is easier to do the 
anastomosis on the right lateral side of the cava. In an 
occasional case it is easier to mobilize the right colon and 
duodenrm medially in order to expose the distal portion 
of the right renal artery. In any event the graft is usually 
brought retrocavally over to the aorta. Early on the con- 
tinuous suture lines were interrupted in two places, more 
recently it is interrupted in four places. After the anasto- 
mosis between the graft and renal artery is completed 
the occluding clamp is removed from the renal artery and 
a small bulldog clamp is placed on the graft adjacent 
to the suture line. Thereafter the aortic anastomosis is 
done. 

During the first 8% years of this study a braided poly- 
ester suture material was used. One and one-half years ago 
we changed to a monofilament polypropylene suture. 
Figure 5 compares blood replacement with the two types. 
of suture material, all patients had a unilateral aortorenal 
bypass utilizing saphenous vein. In these 38 comparable 
procedures over twice as much blood replacement was 
required when the braided polyester suture was used. The 
difference was related to blood loss from the suture lines. 
Examination of the braided suture under the microscope 
reveals it to be quite porous with an irregular surface. 
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When pulled through an artery or vein a sawing effect 
might result. We believe this accounts for the greater 
suture line leakage. The monofilament polypropylene 
suture pulls through tissue so easily and smoothly that 
one must guard against a purse string effect. The suture 
line should be interrupted in two places and preferably 
four. 


Postoperative Management and Course 


In addition to the usual postoperative measures hourly 
urinary out-put was monitored closely. In an occasional 
patient a massive diuresis (4-5 liters per 24 hours) 
occurred with attendant electrolyte losses. Urinary elec- 
trolyte levels were determined daily, A more frequent 
problem was fluid overload. Daily body weights and mon- 
itoring central venous pressure are helpful in avoiding this 
problem. Many patients remained hypertensive for days, 
weeks and sometimes months following a successful re- 
vascularization. For this reason alpha methyldopa was 
begun promptly if the diastolic pressure exceeded 100 
mm. Hg. About half the patients in this study were sent 
home on this medication and then had the drug gradually 
withdrawn over a period of weeks or months. 

Prior to discharge from the hospital a rapid sequence 
IVP was obtained. If the preoperative study was positive 
and the postoperative study was normal, the revascu- 
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larization is considered to be successful. If the post- 
operative study remained “positive” or if renal function 
had deteriorated, an aortogram was obtained. 

There were five deaths following 122 primary opera- 
tions, an operative mortality of 4%. There were 26 sec- 
ondary operations. Four patients had repeat ipsilateral 
aorta-renal bypass, it was successful in three and resulted 
in an operative death in the fourth. Four patients had 
successful contralateral bypasses, Sixteen patients with 


TABLE 8. Operative Mortalities 








Patient Primary Operation Entity Cause 

LR: Left Vein Bypass Atherosclerotic Myocradial Infarction 
Right Nephrectomy 

J.W. Wrapping of Abdominal Aortic Atherosclerotic Aortic Thrombosis 
Aneurysm Acute Tubular Necrosis 
Right Renal TEA 

M.G. Celiac Thromboendarterectomy Atherosclerotic Undetermined 


Right Vein Bypass 

FS; Aorto-Bilateral Femoral 
Dacron Bypass 
Left Renal and Superior 
Mesenteris REA 
Right Nephrectomy 


W.G. Right Nephrectomy 


Secondary Operation 


EP. Aorto-Bilateral Femoral 
Dacron Bypass 
Left Nephrectomy 
s Right Dactron Bypass 
(A Previous L. TEA) 


Previous Bilateral Bypass with 
Unilateral Thrombosis and 
Contralateral Bleeding Requiring 
Bilateral Nephrectomy—One Year 
Later Renal Homotransplantation 


W.G. 


Previous Bypass Thrombosed 
Left Nephrectomy 


Atherosclerotic G. I. Bleeding 


Septicemia 
Acute Tubular Necrosis 


Fibromuscular Dysplasia 


Atherosclerotic Pulmonary Embolus 


Transfusion Reaction 


Atherosclerosis 


Congestive Heart Failure 
and Acute Tubular Necrosis 


Atherosclerosis 
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TABLE 9. Postoperative Complictainso 


Complication # Patients 


Thrombosis of Bypass or TEA 24 
Congestive Heart Failure 
Acute Tubular Necrosis 
Intestinal Obstruction 

Aortic Suture Line Disruption 
Basilar Artery Thrombosis 
Hemolytic Crisis 

Bracheal Plexus Stretch Injury 
Renal Arterio- Venous Fistula 
Abdominal Angina 
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thrombosed arterial reconstruction underwent nephrec- 
tomy, there was one operative death. Finally one patient 
who had bilateral bypass, bilateral thrombosis, bilateral 
nephrectomy underwent renal homotransplantation 1 year 
later and died in the early postoperative period secondary 
to a transfusion reaction. Thus the 122 patients had a total 
of 148 operations with eight operative deaths, an overall 
operative mortality of 5.4%. Table 8 lists the operative 
procedures done and causes of death in the eight patients. 
Most of them presented with complex vascular lesions re- 
quiring multiple, simultaneous vascular operations. 

Table 9 lists the non-fatal postoperative complications. 
Thrombosis of the reconstructed renal artery occurred in 
24 patients. There were 155 arterial reconstructions at risk, 
the thrombosis rate was 21%. While most of these occurred 
early in our experience, some are most recent. Thrombosis 
of a renal artery bypass or thromboendarterectomy usually 
occurs within the first postoperative week. This can be 
documented in 16 {67%) of the 24 technical failures. 
In the other eight patients there is no way of deter- 
mining when the thrombosis occurred, the occlusion was 
demonstrated 3 to 24 months later. None of the patients 
had a proven patent reconstruction and then a subsequent 
thrombosis. A normal rapid sequence urogram does not 
assure a patent arterial reconstruction. As was noted early 
in 31% of the cases in the study the preoperative IVP 
was normal, A renal artery bypass can thrombose without 
further encroachment on the lumen of the renal artery. 
We have documented this arteriographically in four 
patients. In these instances the pre- and postoperative IVP 
were normal and identical. A successful second bypass 
was done in all four patients. 


Results of Treatment 


Patients who are normotensive (diastolic blood pres- 
sure < 90 mm. Hg) are classified as cured. Those who 
had a reduction in their diastolic blood pressure of at 
least 20 mm. Hg but still have pressures between 90-100 
mm. Hg are considered improved. Patients who are unim- 
proved were classified as failures. Those patients who 
were initial technical failures (thrombosis ) but underwent 
reoperation are classified according to the results of the 
final operation. 
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Figure 6 shows the overall early results of operative 
treatment. Ninety per cent of the patients were either 
cured or improved, there were four failures and eight 
operative deaths. 

Early results in treating fibromuscular dysplastic and 
atherosclerotic lesions are compared in Figure 7. Seventy- 
two per cent of the patients with fibromuscular dysplasia 
were cured and 24% were improved. In comparison only 
03% of the patients with atherosclerotic lesions were 
cured while 36% were improved. 

Comparison of the technical failure rates with dacron 
and saphenous vein aorta-renal bypass showed a slightly 
higher failure rate with dacron prostheses (Fig. 8). How- 
ever, the difference was not statistically significant. 

Figure 9 shows the results with combined operations. 
In addition to renal artery reconstruction these patients 
had simultaneous repair of complex extra-renal vascular 
lesions. The operative mortality was high in this group. 
However, many of these operations were salvage pro- 
cedures in desperately ill patients. Seventy per cent of 
the patients were either cured or improved. Figure 10 
shows the results in 20 patients who had thrombosis of 
an arterial reconstruction and subsequent reoperation. 
Eighty-five per cent of the patients were either cured or 
improved. 


Follow-up Evaluation and Late Results 


The 114 patients who survived operative treatment have 
been followed from 6 months to 11 years. Nine patients, 
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all from the atherosclerotic group, died 1% months to 
5 years later. The cause of death was myocardial infarc- 
tion or congestive heart failure in six patients, renal failure 
in one, unknown cause in one and following subsequent 
aorto-iliac operation in one. As nearly as can be deter- 
mined none of the deaths were related to operative 
treatment or the original renal artery lesion. The death 
due to renal failure occurred in a 4-year-old boy who had 
severe hypertension and unilateral stenosis. After neph- 
rectomy he became normotensive. One year later he be- 
came hypertensive again and developed severe progres- 
sive occlusive lesions of the branch arteries of the contra- 
lateral kidney. Figure 11 shows the late results in the 105 
surviving patients. Three patients with thrombosed bypass 
grafts, who have not had further operative treatment, 
remain as failures. The other 102 patients are either cured 
or improved. Again the incidence of cure is much higher 
in the fibromuscular group. 

Ninety-seven follow-up renal arteriograms were done 
in 68 patients 1 to 10 years after operation. Four technical 
failures (thrombosis) were encountered, it is felt these 
probably occurred early but were not recognized, and 
each patient was either cured or improved following 
nephrectomy. In 15 patients follow-up arteriography re- 
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vealed progression or development of new lesions in the 
contralateral renal artery (Fig. 12). Nine of these were 
in the fibromuscular group and six had atherosclerosis. 
In four patients the progression of new lesions resulted 
in recurrent hypertension and contralateral aorto-renal 
bypass again cured the hypertension. Development of a 
significant lesion distal to a previous bypass was not 
encountered. 

After 4 to 6 years the saphenous vein bypass grafts 
have typically increased in diameter. This has been a 
uniform increase through the length of the graft (Fig. 
13). In one patient the vein has had a 100% increase in 
width over 6 years, she is normotensive and is followed 
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closely. One patient has developed aneurysmal changes in 
a renal artery bypass and in an aorto-superior mesenteric 
artery bypass as well. Hypogastric artery was used for the 
renal bypass and external iliac vein for the mesenteric 


artery bypass. This young boy, now 11 years old, has 


severe multicentric fibro-dysplastic arterial disease. 


Fic. 12A&B. Demonstration of the progression of fibromuscular 
dysplasia in a contralateral renal artery three months following 


unilgteral vein bypass. 
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Fic. 13. Demonstration of the dilatation of a saphenous vein 
aorto-renal bypass graft during 5 years of follow-up. 






Forty-seven patients have had follow-up renal venous 
renin assays: in 39 renin activity from the two kidneys are 
equal; in four the renins lateralize to the contralateral side 
and in the other four they lateralize to the operated side 
despite the amelioration of the hypertension. Follow-up 
split renal function studies have been done in 33 patients. 
In 31 patients the two sides are equal. Two patients, both 
with bilateral fibromuscular lesions who had unilateral 
bypass, now lateralize to the contralateral kidney but both 
are normotensive. 


Comments 


The fact that 16% of 1070 hypertensive patients in this 
series had renovascular hypertension can not be inter- 
preted as the incidence of the condition in the hyper- 
tensive population. Referral to our group constituted con- 
siderable selection. Many patients had had a suggestive 
IVP and in a few, renal arteriography had been done. 
Nonetheless we believe 5% is a reasonable estimate of 
the incidence of the disorder among hypertensive pa- 
tients. If there are 30 million people in the USA, as some 
have suggested, then renovascular hypertension is a com- 
mon condition. 

We do not advocate complete work-up of every patient 
with hypertension. We do recommend it in any patient 
in whom operative treatment would be recommended 
if a significant renal artery stenosis were found. Thus pa- 
tients with mild hypertension are excluded, as a general 
rule the patient must have diastolic blood pressure con- 
sistently above 100 mm. Hg. Some patients who are 
unacceptable operative risks are also excluded. However, 
this decision requires careful clinical judgement. The pa- 
tient in whom hypertension is causing severe cardiac, 
central nervous system or renal problems can often be 
greatly benefited by operative treatment. The risk is high 
but so are the possible benefits. 

Shapiro and others have stated that patients with reno- 
vascular hypertension who are over 45 years of age should 
not have operative treatment because the risk is too great 
and the benefit to small.28 Over 43% of the patients 
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in this study who had operative treatment were over 50 
years of age and they did about as well as the younger 
patients. The operative mortality was higher in the older 
patients but it was primarily in patients with associated 
extra-renal vascular lesions. 

While the renal arteriogram is extremely valuable in 
the evaluation of the patients with hypertension it has 
several limitations. In many instances precise labeling of 
a renal artery stenosis as atherosclerotic or fibro- 
plastic is arbitrary. In a similar manner grading the 
severity of a stenosis on an arteriogram lacks precision. 
The location and course of the renal arteries do not lend 
them to accurate anterior-posterior and lateral studies as 
can be done with the carotid arteries. Surgeons and 
radiologists familiar with carotid arteriograms are familiar 
with studies showing a normal carotid in the A-P plane 
and severe stenosis on the lateral projection or vice versa. 
The same is true of the renal artery but it is more difficult 
to delineate. Oblique aortograms and selective studies 
are helpful in this regard. Fibromuscular dysplasia is 
certainly bilateral in more cases than are being detected 
on routine renal arteriograms. Magnification renal arterio- 
graphy may improve the accuracy of the studies. 

We are probably in the minority in continuing to use 
split renal function studies in the evaluation of patients 
with renal artery stenosis. Now that renin assays are 
more widely available they have largely supplanted 
split function studies. The data presented show that we 
find the information gained to be valuable. Among the 
merits of the studies is an evaluation of the individual 
creatinine clearance and effective renal plasma flow of 
the two kidneys. Part of the problem with split renal func- 
tion studies has been the rigid criteria for a positive test. 
We have used liberalized criteria for the last 6 years. We 
are only rigid in requiring that all three urine collections 
show consistent lateralizing disparities between the two 
kidneys. 

The high incidence of false negative results (20%) in 
our experience with renin assays is probably related to the 
way the patient was prepared for renal venous renin assay. 
The method we have used probably results in basal renin 
activity. Others have advocated measures to stimulate 
renin release. Methyldopa, the drug we have used if the 
patient requires drug therapy during the work-up, de- 
presses renin out- -put. Some antihypertensive drugs do 
not cause suppressed renin release, guanethidine is no- 
table in this regard. Drugs such as hydralyzine stimulate 
the release of renin as does severe salt restriction. It may 
be that the methods we have used has masked lateralizing 
renin values. The number of methods used for preparing 
a patient for renal venous renin assays seems to approxi- 
mate the number of institutions doing the assay. A 
standardized technic is needed but it must be based on 
firm supporting evidence. 
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The incidence of thrombosis of renal arterial reconstruc- 
tion in this series was too high. Although many throm- 
boses occurred in the early experience, further refinements 
in the technic of aorto-renal reconstruction should allow 
additional reduction of technical failures. 

Saphenous vein has been our graft of choice for aorto- 
renal bypass. Dacron grafts, especially in patients who 
have post-stenotic dilation of the renal artery function 
equally well. Wylie and associates prefer to use the hypo- 
gastric artery as their graft material.!° Our experience with 
this technic is limited to three cases. We have used the 
end-to-side anastomosis between the graft and renal 
artery in most cases, others have preferred an end-to-end 
anastomosis.*:!° Thromboendarterectomy is a useful tech- 
nic in patients with atherosclerotic orficial lesions. 

The high incidence of new and progressive lesions in 
the contralateral renal artery make the use of nephrec- 
tomy unwise except in the most pressing circumstances. 
In addition to the amelioration the hypertension another 
important aim in treating these patients is preservation of 
renal function. We will not perform nephrectomy upon a 
patient with fibromuscular dysplasia unless the hypterten- 
sion is severe and uncontrollable by any other means. 
About the only circumstances under which we per- 
form nephrectomy today is in the atherosclerotic patient 
with a tiny, atrophic kidney which has been destroyed 
by the ravages of hypertension and atherosclerosis. Split 
renal function studies are hepful in assessing the contri- 
bution of such a kidney to total renal function. More 
long-term arteriographic assessment of vein grafts im- 
planted in the renal arterial system is needed. In this study 
3 to 6 years follow-up of such grafts was obtained. In most 
instances the vein undergoes uniform dilatation through 
its length. In one this has reached aneurysmal proportions. 
The Michigan group made a similar assessment of 73 
vein grafts and found late stenoses in five and aneurysmal 
dilatation in five.* 

Finally, there are two continuing problems in the field 
of renovascular hypertension. The first is the hypertensive 
patient with bilateral renal artery stenosis and no laterali- 
zation on the split renal function studies or renal venous 
renin assay. If the renin activity on both sides is very high 
we have interpreted this as meaning bilaterally significant 
stenosis and proceed with bilateral reconstruction. Very 
often the renin levels are in the medium to low range. 
Especially in the patients with fibrodysplastic lesions it is 
hard to know how to proceed. If one could do arterial re- 
construction with virtually no morbidity or mortality re- 
pair would be justifiable in all. If the patient had extremely 
severe hypertension and is difficult to control with drugs, 
we have chosen to operate on the side which appears more 
severe on the arteriogram. We then repeat the functional 
tests postoperatively and proceed accordingly. We shave 
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a number of patients with bilateral, non-lateralizing 
lesions who are being followed on drug therapy. 

The second problem is somewhat related, namely renal 
arterial lesions which occupy the distal third of the renal 
artery and extend into the segmental renal arteries. Early 
in our experience we performed nephrectomy upon a few 
of these patients who had lateralizing functional tests. 
Several patients developed recurrent hypertension and 
contralateral progressive renal artery lesions. This 
prompted us to abandon nephrectomy in these patients. 
The Michigan group reported the use of transluminal dila- 
tion of segmental renal artery lesions and presented con- 
vincing follow-up arteriographic evidence of success after 
1 year* We have been using this technic ever since their 
report but do not yet have enough experience or follow-up 
evidence to evaluate the procedure. Now we have a third 
approach to the operative treatment of these patients: 
ex vivo or extracorporeal repair of segmental renal artery 
lesions. Lim, Belzer and others have reported the use of 
this technic.-* Our method of procedure involves dividing 
the renal artery and vein near the aorta and cava. The 
ureter is mobilized but not divided. The kidney is brought 
out on the abdomen wall where it is perfused and colled 
with the Belzer pump. Segmental arteries are occluded one 
at a time and repaired using microsurgical technics while 
the remainder of the kidney is perfused. This technic 
has been used successfully in three patients. One patient 
underwent staged bilateral repair. It is too early to eyalu- 
ate the technic but it is an exciting development. 


Conclusions 


Our experience leads us to the following conclusions: 
1, Renovascular hypertension is a fairly common condi- 
tion. 


2. While the rapid sequence program is a useful screening 


test, there is a high incidence of “false negative” results: 


(31%) in proven cases of renovascular hypertension. 


3. The history and physical examination are not helpful in 
differentiating essential hypertension and renovascular 
hypertension. 


4. Renal arteriography, including selective oblique study 
is the best screening test. 


©. If a renal arterial occlusive lesion is found, split renal 
function studies and renal venous renin assays should 
be done to determine the significance of the lesion. 


6. If those tests are positive a beneficial result can be ex- 
pected to follow operative treatment in about 90% 
of the cases. 


T. Although the long-term results of renal revasculariza- 
tion are stil] uncertain the results to date are encourag- 


ing. 
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Summary 


A group of 1070 hypertensive patients have been 
studied during the past ten years. One hundred and 
seventy-six proved to have renovascular hypertension by 
our criteria, positive split renal function studies and/or 
renal venous renin assays. The rapid sequence IVP yielded 
false negative results in 31% of the patients with reno- 
vascular hypertension. Renal arteriography proved to be 
the best screening test. Selective oblique renal arterio- 
grams were extremely valuable in the assessment and 
management of the patients. Of the 176 patients with 
renovascular hypertension 122 have had operative treat- 
ment and a minimum follow-up of 6 months. There were 
eight operative deaths, mostly in patients who required si- 
multaneous extra renal vascular operations as well. Aorto- 
renal bypass graft using saphenous vein was the most 
common and preferred operative technic. Ninety per cent 
of the patients ‘were either cured or improved. Although 
more patients with fibromuscular dysplasia had an excel- 
lent result than the patients with atherosclerotic lesions, 
this latter group received substantial benefit also. Meticu- 
lous attention to a number of points in pre, intra and 
postoperative care is essential in renovascular surgery. 
The use of excorporeal perfusion of kidney and micro- 
surgical technics is an exciting new development for 
repair of segmental renal arterial lesions. 
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Dr. Jesse E. THOMPSON (Dallas): I would like to congratu- 
late Dr. Foster for this excellent and detailed analysis of a well- 
studied series of patients with renovascular hypertension. This is 
the sort of data that we have needed. 

I shall comment on the technic of renal artery reconstruction, 
since technics vary depending on the side involved, the nature 
of the lesion, and its location. 

[Slide] For most cases of fibromuscular hyperplasia I have 
used a saphenous vein patch graft. This has worked quite well 
without complications over many years. 

Some fibromuscular cases and most of the other lesions require 
bypass. [Slide] We formerly used a Dacron bypass, sutured end- 
to-side from the aorta and end-to-side into the renal, but in 
recent years have given up this technic. 

[Slide] Our present method of bypass utilizes the saphenous 
vein most of the time, sutured end-to-side to the aorta, and then 
end-to-end to the divided distal stump of the renal artery. The 
renal artery is ligated flush with the aorta, and its distal end is 
brought up into the wound for anastomosis to the vein bypass. 
This technic gives excellent exposure for the crucial part of the 
operation, the anastomosis. We have used 5-0 and 6-0 Ethiflex 
sutures as a rule. This anastomosis is convenient, simple, expedi- 
ent, and this technic facilitates the procedure greatly. 

[Slide] Here is a right renal artery reconstruction. Everything 
is out in the breeze, and the anastomosis is very easy. 

[Slide] Here is the aortic end of a left renal bypass using a 
vein. [Slide] Here is the renal artery anastomosis done end-to- 
end. I recommend this technic to you. 


Dr. Carvin B. Ernst (Lexington): Dr. Foster indicates in 
his manuscript that a cooperative, multidiscipline effort is essen- 
tial to optimal treatment of renal vascular hypertension. While at 
the University of Michigan, I had the good fortune to be associ- 
ated with the renovascular hypertension group, consisting of 
surgeons, internists, and radiologists. Our experience closely paral- 
leled that of the Vanderbilt group. With discriminating pre- 
operative studies indicating functional as well as hemodynamic 
significance of a renal artery lesion, cure and improvement rates 
total greater than 90%. We place great reliance on renal arteriog- 
raphy also. Angiographic demonstration of collateral vessels is 
strongly indicative of a hemodynamically significant lesion. 

It is becoming increasingly evident, however, that even though 
by current evaluation technic, a renal artery stenosis may be 
significant, patients respond differently to technically successful 
revascularization. From 1961 through 1970, 158 patients under- 
went renal revascularization. Young individuals with fibromuscu- 
lar dysplasia -benefited most. Patients with atherosclerotic lesions 
fared less well, but in a predictable fashion. 

[Slide] We studied the fate of 68 patients undergoing renal 
revascularization for arteriosclerotic renal artery lesions. Patients 
with clinically manifest, overt cardiovascular disease, such as 
previous myocardial infarction, transient ischemic attacks, inter- 
mittent claudication, and the like, had an attrition rate of 31% 
over the follow-up period, which averaged 41 months. Those 
without clinically overt cardiovascular disease, except focal ar- 
teriosclerotic renal artery lesions associated with hypertension, 
had a 16% attrition rate over the follow-up period, which averaged 
55 months. In addition, the postoperative hypertension status for 
these two groups differed. Those with overt generalized disease 
had a cure-improvement rate of 53%, while those with only focal 
renal artery disease had an 87% cure-improvement rate. It would 
appear that the prognostic implication of the absence or presence 
of advanced arteriosclerosis provides a basis for predicting the 
success of renal revascularization for arteriosclerotic renovascular 
hypertension. Dr. Foster, have you seen such a contrast in your 
arteriosclerotic patients? 

We prefer autogenous saphenous vein, as you do. However, 
over a period of time changes may occur in the vein graft. A small 
number may stenose or dilate over the follow-up period. 


SURGICAL MANAGEMENT OF RENOVASCULAR HYPERTENSION 


765 
[Slide] This is an example of progressive aneurysmal dilata- 


tlon of an autogenous saphenous veln aortorenal graft, Ten days 
alter operation this graft was 7 mm in diameter, Hight months 


later the graft measured 11 mm, and 18 months after operation 
it measured 17 mm in diameter. Late evaluation of 100 grafts at 
the University of Michigan has disclosed six stenoses and six aneu- 
rysmal dilatations to date. . 

“ Autogenous saphenous vein is an ideal graft material which 
lends itself to precise anastomoses, even to renal artery branches. 
This factor extends our ability to save kidneys which in the past 
may have been needlessly sacrificed. Nevertheless, late vein graft 
changes give us cause for thoughtful concern. Dr. Foster, have 
you seen similar changes? 


Dr. PauL T. DeCamp (New Orleans): We agree with Dr. 
Foster and his group on their indications for operation: patients 
with significant arterial stenosis, significant hypertension, and pa- 
tients in whom functional changes can be demonstrated, either 
in the perfusion of the kidney or in the urinary production, and 
then the isolation of elevated renin from the affected kidney. 

This, of course, does not ignore the fact that many times with 
segmental stenoses, with multiple arterial disease, or when only 
one kidney is present, we have to rely more heavily on the ar- 
teriography than we would on the others. 

The arteriosclerotics are a real problem, and some people feel, 
because the results are not as good, that they should not be 
treated. I am happy to see that the Nashville group are treating 
arteriosclerotics. We feel that they should be, although we would 
agree with the author and with some of the discussants that the 
selection must be carefully done, because if there is a lot of sys- 
temic arteriosclerotic disease, then the operation should be per- 
formed with caution. 

Over the years we have felt that there are two operative 
observations which are helpful, and we still feel that way. One is 
the measurement of pressures proximal and distal to the area of 
stenosis. Dr. Foster and others have shown that this is not an 
absolute criterion of this disease, but the evidence from the co- 
operative study is that the prognosis is much better if a signifi- 
cant pressure differential is demonstrable at the time of operation. 

We also feel—and I think this has bearing on the matter of 
arteriosclerosis—that bilateral renal biopsy is worthwhile. We 
do not dare not to biopsy a diseased liver, for our gastroenterolo- 
gists, in patients with biliary disease; and I do not see why we 
do not biopsy kidneys when we are right there, in patients with 
hypertensive disease. 

I have not seen the final data, but Dr. Perani from the coopera- 
tive study has indicated that the presence or absence of sig- 
nificant small vessel disease in the kidney also affects the prog- 
nosis, as one would expect. 

Our preference for reconstruction is saphenous vein aortorenal 
bypass. Our longest follow-up has been for 10 years. We have 
studied most of them several years following operation, and have 
not yet seen any aneurysmal dilatation. I suppose we will get it. 

If the vein is of good size in the lower leg, I think that is a 
better place to get the vein from than the upper thigh, because 
it is much thicker, it is more accustomed to a high pressure, and 
I would suggest that that is the preferable site if the vein is big 
enough. We made a mistake and used a lower leg segment when 
it was too small. This resulted in thrombosis. 

I must admit, I feel that in any postoperative stenosis that 
appears—we ought to blame the surgeon rather than the saphe- 
nous vein of the patient. 


Dr. Jonn H. Foster (Closing): Dr. Thompson has had a lot of 
experience with renovascular hypertension. His technic of end- 
to-end anastomosis is worthy of very serious consideration. 

As far as Dr. Ernst’s presentation is concerned, I could not 
agree more about the multidisciplinary group. We have not really 
evaluated collaterals as fully as they have. 

We have not divided our atherosclerotic patients into the cate- 
gories he mentions. Many of these patients carry a high risk, But if 
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the hypertension is causing serious problems to the heart, the 
cerebral circulation, and to the other kidney, these patients have 
a great deal to gain, 

We have had dilatation in two of the vein grafts that we have 
studied 3 to 6 years following implantation. Only one would we 
call really aneurysmal; but it is fairly common to see a moderate 
degree of uniform dilatation throughout the saphenous vein 
graft. We have studied 68 of these, doing 96 follow-up arterio- 
grams on them. 

Dr. DeCamp is one of the pioneers in this field. He was one of 
the first men in this country to operate on patients with fibro- 
muscular dysplasia disease back in the 1950’s. 

Finally, I was going to show one more slide. This is an excit- 
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ing technic that is new—not new with us; we heard about it in 
San Francisco last June—and it is the technic of removing the 
kidney, putting it on the Belzer perfusion apparatus, repairing 
the renal artery lesions in the distal renal artery using magnifica- 
tion and microsurgical technic. We took out this aneurysm, re- 
paired the artery, used saphenous vein to restore arterial con- 
tinuity, and implanted it in the iliac artery. The renal vein was 
implanted in the vena cava. 

Ten days later we did the same thing on the opposite side. 

This is the aortogram 2 months later, showing the bilateral 
reimplanted kidneys, functioning well in this man who is now 
normotensive. 
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Unsuspected Abdominal Aortic Aneurysms as the Cause of 
Peripheral Arterial Occlusive Disease 


JERE W. LORD, JR., M.D., GIUSEPPE ROSSI, M.D., MAURIZIO DALIANA, M.D., 


LASSICALLY the indications for operative intervention 
C in atherosclerotic aneurysms of the abdominal aorta 
were a symptomatic, pulsating abdominal mass and rup- 
ture of the aneurysm with or without an episode of hypo- 
tension. As surgical technics improved, the risk of resect- 
ing an aneurysm electively fell from approximately 10% in 
the 1950s to 1 to 2% by 1970. Hence all patients with a 
recognizable abdominal aortic aneurysm are candidates 
for resection provided their general condition is fairly 
good and their life expectancy would otherwise be meas- 
ured in years rather than months. 

In the fall of 1971, we encountered a patient whose 
problem suggested that there was another, seldom noted, 
indication for operative intervention for painless abdom- 
inal aortic aneurysm. 


Case Reports 


Case 1. M. S., a 59-year-old man was admitted to Columbus 
Hospital on November 24, 1970 for management of intermittent 
claudication of the left leg of one year’s duration. For several 
weeks before admission, it had progressively worsened and rest 
pain in the first toe had been noted associated with color changes. 
Significiant in the past history was the development of a post- 
operative deep venous thrombophlebitis in the left leg 4 years 
earlier following curative resection of the sigmoid colon for carci- 
noma. He had smoked three to four packages of cigarettes daily 
for more than 20 years. Angiographic study was reported as 
showing a normal aorta and stenosis of the left proximal popliteal 
artery. A vein graft bypass from the mid-superficial femoral 
artery to the distal popliteal was implanted. An unsuspected find- 
ing was a partially thrombosed popliteal aneurysm beyond a 
stenotic segment in the proximal popliteal artery. There were no 
postoperative complications and he remained symptom-free until 
September 1971, when intermittent claudication developed in the 
right leg which was progressive. He had continued to smoke 
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heavily but was free from other symptoms. Abdominal examina- 
tion was again unrevealing, partly because of moderate obesity 
and heavy musculature. In a new aortoangiogram (Fig. 1B), a 
small (5 cm. in diameter) abdominal aortic aneurysm was identi- 
fied. There was a well functioning vein graft bypass in the left 
leg and 95% stenosis of a short segment of the right superficial 
femoral artery in the adductor canal. No popliteal aneurysm was 
demonstrated. On review of the aortogram, made some 10 months 
earlier (Fig. 1A), the aneurysm could be identified and was of 
the same size. After discussion of this unexpected finding with 
the patient and his family, we decided to leave the aortic aneu- 
rysm alone, for it was small, asymptomatic and had not changed 
in size over a period of at least 10 months. Further, we felt that 
the primary problem should be treated. Hence, a right femoro- 
popliteal vein graft bypass was carried out and again a small, 
partially thrombosed popliteal aneurysm was found several centi- 
meters distal to the stenotic segment. Postoperatively he did well 
until the sixth postoperative day, when thrombophlebitis was noted 
in the right calf. Intravenous heparin was administered every six 
hours coupled with bed rest and elevation. There was progres- 
sive improvement over the next week when suddenly on the 14th 
postoperative day the pedal pulses disappeared from the right foot 
and within 30 minutes the leg appeared cadaveric to near the 
knee. Arteriographic study (Fig. 2) showed an embolus in the 
superficial femoral 4 cm. above the proximal anastomosis of the 
new vein graft. Embolectomy was carried out within 2 hours of 
onset and fresh, thrombotic material was extracted. The leg 
warmed to the ankle but the infarcted area, located in the 
distribution of the anterior tibial artery, did not change. Because 
of fear of an embolus to the left leg, resection of the aortic 
aneurysm was carried out on the following day. It contained old 
and relatively new thrombi in its cavity. It measured 7 by 5 
cm. Six days later an above knee amputation was performed. 
He has learned to use a prosthesis well, walks without difficulty 
and is in good health 1 year later. 


This patient had several misfortunes which were be- 
yond the control of his physician. First, the deep venous 
thrombophlebitic episode which developed after resection 
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of his malignant colonic tumor and again the same compli- 
cation following the right femoro-popliteal bypass 5 
years later. However, this experience effectively empha- 
sized the hazard of an abdominal aortic aneurysm and the 
risk it presents to a successful vascular procedure. On the 
good side it encouraged the authors to review our experi- 
ence and has helped guide us to a far better understand- 
ing of the management, both diagnostically and thera- 
peutically, of abdominal aortic aneurysms. 


Fic. 2. Peripheral phase 
of the angiogram shown 
in Fig. 1B demonstrating 
an embolus to the mid- 
superficial femoral artery 
proximal to the take -off 
of the vein graft bypass. 
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Fic. 1A (left). Origi- 
nal aortoangiogram per- 
formed 10 months earlier 
which shows a faintly 
outlined calcific shell of 
an aortic aneurysm. This 
was not recognized at the 
time of the angiographic 
study. B (right). New 
aortogram which shows 
a 5 cm. in diameter lower 
abdominal aortic aneu- 
rysm. 


On a review of our experience with peripheral arterial 
occlusive disease, we became aware that a possible cause 
of late failure of a vein graft bypass could be the result 
of an embolus from a mural thrombus, in an unsuspected 
abdominal aortic aneurysm. 


Case 2. N. K., a 53-year-old man was admitted to the Colum- 
bus Hospital on September 25, 1968 for intermittent claudication 
of the right leg, associated with numbness, tingling and pain in 
Aortoangiogram (Fig. 3A) showed a small, fusiform 
aneurysm of the abdominal aorta and occlusion of the right mid- 
popliteal artery. Since the aorta did not feel aneurysmal in this 
thin man’s relaxed abdomen and as it was asymptomatic, the 


the toes. 


decision was made to leave it alone. A superficial femoro-distal 
popliteal bypass with a saphenous vein was carried out. The 
obstruction was discovered to be due to a completely thrombosed 
popliteal aneurysm. Postoperatively he walked normally with ex- 
cellent pedal pulses for 23 months when abruptly the right foot 
became cold and with marked intermittent 
claudication, Palpation of the aorta suggested that there was no 
enlargement and all pulses below the femoral in the right leg 
were found to be absent. Because of a myocardial infarction he 
had been on long-term coumadin therapy. Angiographic study 
(Fig. 3B) was suggestive of an embolic occlusion of the super- 
ficial femoral artery as well as closure of the entire graft and 
tibial but were 
smaller than normal. A right lumbar sympathectomy was per- 
formed and an abdominal aortic aneurysm, 5 cm. in diameter, 
could be easily felt. As the right foot improved significantly the 
aortic aneurysm was resected 10 days later. It contained old and 
fresh appearing thrombi. Over the 20 postoperative months there 
have been no further embolic phenomena and his right foot is 
asymptomatic. C laudication is noted in the right calf only when he 


numb associated 


popliteal artery. The arteries were visualized 


walks rapidly. 


Comment 


For many years when a patient was admitted for uni- 
lateral lower extremity arterial insufficiency and in whom 
there was a good femoral pulse, we instructed the 1 -adiol- 
ogist conducting our arteriog1 raphic studies to per form 
an ipsolateral feniovAl angiogram. We advised this ap- 
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Fic. 3A (left). Aorto- 
angiogram showing a 
small fusiform lower ab- 
dominal aortic aneurysm. 
B (right). Peripheral an- 
giogram demonstrating 
embolic occlusion of the 
superficial femoral artery 
proximal to the take-off 
of the old vein graft by- 
pass. 


proach for two reasons. Firstly we did not wish to risk 
damage to the arteries of the “good” leg, and secondly 
we believed that our objective was to relieve the pa- 
tients symptoms by focusing on arteries of the involved 
extremity. 

We now believe that all the patients with unilateral 
or bilateral arterial occlusive disease should have com- 
plete angiographic study from the upper abdominal aorta 
to the level of the pedal arteries, if possible. The trans- 
femoral route is the usual one but the translumbar ap- 
proach is employed when necessary. 

Experience with two other patients led to a review 
of all patients entering hospital for peripheral arterial 
occlusive disease wherein there was no clinical evidence 
of an abdominal aortic aneurysm. 


Fic. 4A (left). Periph- 
eral angiogram showing 
embolic occlusion of the 
distal right popliteal ar- 
tery. B (right). A small 
aneurysm of the abdomi- 
nal aorta just above is 
bifurcation is demon- 
strated. 


PERIPHERAL ARTERIAL OCCLUSIVE DISEASE 


Case 3. A. M., a 50-year-old woman was seen in the office 
for a cold right foot associated with marked intermittent claudica- 
tion of the right leg of 10 days duration. She was markedly 
obese, weighing 245 pounds, smoked two packages of cigarettes 


daily and was a mild diabetic with known gallstones. There was 
no history of cardiac difficulty. The patient was obese with a 
protruberant abdomen, making palpation difficult. Pulses in the 
left leg were normal throughout but only the right femoral pulse 
was present. The patient was advised to rest, stop smoking and if 
no improvement was noted in a few days, to undergo angiographic 
study. Failing to improve, the patient was admitted to the Colum- 
bus Hospital and an aortoangiogram (Fig. 4B) revealed a small 
(3 cm. in diameter) aneurysm of the distal aorta and an embolic 
occlusion of the popliteal artery in its distal third (Fig. 4A). At 
laparotomy the following day, the aneurysm measured 3 cm. in 
diameter and the aorta above and below it 2.5 cm. in diameter. 
When opened, there was fresh thrombotic material attached to its 


wall. A straight dacron prosthesis was inserted and a popliteal 
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embolectomy was performed. Despite the 20 days which elapsed 
between onset and operation there was good back bleeding from 
the tibial arteries. Convalescence was uneventful and she has 
remained well for the past 18 months. This patient's aneurysm 
was the smallest one we haye resected and yet it was the cause 
of a near catastrophe to her right leg. In the hands of experienced 
vascular surgeons, perhaps all good risk patients should have even 
small abdominal aortic aneurysms resected. 


Case 4, W. G., a 68-year-old man, was admitted to Columbus 
Hospital on March 15, 1972, with sudden onset of two block 
intermittent claudication of the right leg of 2 days’ duration. He 
was moderately obese and abdominal examination was negative. 
There were strong femoral pulses and absent right popliteal and 
pedal pulses. An aortogram demonstrated small abdominal aortic 
and right common iliac aneurysms with irregularity suggesting 
thrombus. Also embolic occlusion of the right superficial femoral 
artery was noted. Resection of the aneurysm was advised but 
refused by the patient because of marked improvement of the 
symptoms in the right leg. On March 20th, a few hours before 
discharge from the hospital, sudden pain developed in the right 
foot and leg, associated with pallor and coldness. The right 
femoral pulse was absent. A right femoral embolectomy was 
carried out under local anesthesia. A recent embolus was removed 
from otherwise normal common and profunda femoral arteries 
and an older embolus from the distal superficial femoral artery 
was extracted. On March 23rd the abdominal and right common 
iliac aneurysms were resected. Both aneurysms contained large 
amounts of red mural thrombus. The patient did well for 6 months 
until a fatal heart attack developed. During this period his legs 
were asymptomatic. 


From June 1, 1968 through May 31, 1972, 39 patients 
were admitted to hospital for management of peripheral 
arterial occlusive disease of the lower extremities and were 
found to have an embolic occlusion arising from mural 
thrombus located within an abdominal aortic aneurysm. 
In 16 patients the embolus was proven by embolectomy 
and in seven patients with classical picture of an em- 
bolus was noted on the angiogram. In 11 patients the 
clinical setting was strongly suspicious of ‘an embolic 
episode and in five instances the angiogram was highly 
suspicious of an embolic occlusion. 

During this same 4-year period, a total of 174 embo- 
lectomies were performed. Hence, approximately 10% of 
emboli removed operatively in our experience have their 
site of origin in an abdominal aortic aneurysm. 

Three hundred and seventy-four complete aorta-peri- 
pheral angiograms for peripheral arterial occlusive disease 
have been performed at Columbus Hospital during this 
4-year period. This represents 36% of the total angio- 
graphic studies. 

The 39 patients with embolic episodes from abdominal 
aortic aneurysm were managed by resection of the aneu- 
rysm and the embolus was removed at the same operative 
procedure in 11. In five, embolectomy was performed 
prior to aneurysmectomy. Of the remaining 23 patients, 
one was managed by lumbar sympathectomy and one 
requited an above knee amputation. Of the remaining 22 
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patients, one died several days postoperatively from car- 
diac failure following resection of his ruptured aortic 
aneurysm which occurred while in the hospital. One pa- 
tient’s embolic occlusion of the external iliac arteries was 
corrected by aorto-bilateral femoral bypass at the time of 
aortic aneurysmal resection. Of the remaining 20 patients, 
15 were subjected to femoro-popliteal bypasses sub- 
sequent to resection of the aortic aneurysm. Only in 
five patients was the peripheral occlusive lesion treated 
conservatively. 

During this 4-year period a total of 133 abdominal 
aortic aneurysms were resected, hence 39 or 29%, were 
unsuspected but were diagnosed by complete angio- 
graphic studies and were resected because of one or more 
embolic episodes. 


Discussion 


A review of the literature reveals scant attention to the 
special hazard described herein which abdominal aortic 
aneurysms possess. Edwards and associates * discuss in 
detail 82 consecutive patients with proven peripheral 
arterial embolization. Ninety-four per cent arose from 
thrombi located within the heart and three patients had 
emboli from thrombi associated with atherosclerotic ulcer- 
ation of the aorta. None were associated with an abdomi- 
nal aortic aneurysm. In discussion of. arterial aneurysms, 
they refer only to the paststenotic subclavian aneurysm 
occurring with cervical rib and popliteal aneurysm. Dar- 
ling, Austen and Linton? reported.a 10-year experience 
with 260 patients, experiencing 426 arterial emboli, In 
four patients, 1.5%, the source of the emboli was from a 
mural thrombus in an abdominal aortic or iliac aneurysm. 
They recommended resection of the aneurysm subsequent 
to embolectomy in these patients. In three of their four 
patients diagnosis of the aneurysm was made as a result 
of the peripheral embolization. | 

Crane! reported on three patients in 1967 with periph- 
eral arterial embolization with atherothrombi from the 
aortoiliac origin. In one of the three patients there was a 5 
cm. aortic aneurysm. The thrust of his presentation focused 
on digital ischemia and gangrene in the presence of one 
or two palpable pedal pulses. He further advised opera- 
tive correction of the aortic lesion, aneurysmal or ste- 
notic as the primary therapeutic procedure when angio- 
graphic studies are positive. Unquestionably minor and 
major embolic phenomena do arise from ulcerated 
plaques in the abdominal aorta. 

Based upon this 4-year study we believe that the 
principle hazard ta the patient of an abdominal aortic 
aneurysm is embolization of a mural thrombus and is 
more common than frank rupture. This study, therefore, 
lends further weight in favor of the view that asymptom- 
atic aortic aneurysms should be resected prior to rupture 
or emþolization. 
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Summary | 


1. One of the principle threats of an abdominal aortic 
aneurysm is embolization to the lower extremities. This 
occurred preoperatively in 39 of 133 patients subjected to 
resection of an aortic aneurysm during the period of June 
I, 1968 through May 31, 1972. 

2. All patients with arterial occlusive disease of the 


lower.extremities should have complete aorto -peripheral 


Bar a 20 study. 

. 3. When.an unsuspected abdominal aortic aneurysm 
As .detected..under--these’ circumstances, it should be re- 
~ sected and either embolectomy performed simultaneously 
ora peripheral bypass-carried oùt subsequently. 

4. One of the causes of early and late failures of pe- 
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ripheral vein graft bypasses is an emþolus arising from an 
unsuspected abdominal aortic aneurysm. 

‘5. The potential hazards of peripheral arterial emboli- 
zation from an abdominal aortic aneurysm combined with 
the known high mortality rate following rupture justify 
the view that all asymptomatic abdominal aortic aneu- 
rysms should be resected in good risk patients, 
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Ruptured Abdonimal Aortic Aneurysms 


HARRIS B. SHUMACKER, JR., DAVID L. BARNES, HAROLD KING 


HE REPARATIVE management of an abdominal aor- 

tic aneurysm was first reported in 1951 by Dubost 
and associates’ who restored aortic continuity with a 
homograft after excising the lesion. In 1953 DeBakey 
and Cooley* reported their first seven cases. Plastic 
aortic substitutes were utilized for this purpose by 
Blakemore and Vorhees? and by Shumacker and King® 
in 1953. Earlier in 1947 Shumacker® had successfully 
treated by resection and end-to-end anastomosis an 
aneurysm of the thoracic aorta associated with co- 
arctation, and a little later Swan and colleagues! had 
managed a similar case by insertion of a homograft. The 
initial operations upon ruptured abdominal aortic an- 
eurysms were performed in 1953 and reported the fol- 
lowing year.1:3.&8 Bahnson treated one patient on March 
13 of that year.! In discussing the paper presented by 
Javid and associates? before the American Surgical 
Association on April 28, 1955, Gerbode mentioned hav- 
ing operated upon his first patient about 2 years before. 
Our first patient was treated on July 258 and that of 
. Cooley and DeBakey on October 2. It was evident 
from these early experiences that a fatal outcome could 
be averted only by prompt operative intervention. 

This report reviews the experiences at the Indiana 
University Medical Center Hospitals with the hope of 
learning what factors in management may have con- 
tributed to a successful outcome. 


The Clinical Material 


In order to do everything possible to avoid omission 
of any case, all records coded by the medical records 
staff as having an abdominal aortic aneurysm and all pa- 
tients listed in the operative log books as having under- 
gone operation for abdominal aortic aneurysm were 
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reviewed. The period covered extended from 1953 
through November 18, 1972. Only instances of ruptured 
infrarenal aortic or aortic-iliac aneurysms were included. 
A few involving the thoracic-abdominal segment were 
excluded as were a few others known or thought to 
have involved the proximal abdominal aorta and its 
visceral branches. The rare cases of aortic-graft suture 
line. disruption encountered were also not included. 
Numerous patients in whom rupture or impending 
rupture was suspected but in whom rupture had not 
actually occurred were operated upon as emergency 
cases during this period of study. They were not in- 
cluded in the analysis. 

The entire study comprised 172 cases. Fourteen pa- 
tients had not undergone surgical treatment. They in- 
cluded two patients who had ruptured aneurysms and 
died after having undergone unrelated operation; those 
who were dead on arrival at the hospital, and a few 
patients who died shortly after admission. The latter 
entered the hospital during the earlier years of this 
survey and almost surely would have undergone im- 
mediate surgical treatment had they been admitted at 
a later date. 

Operative treatment was undertaken in 158 patients. 
No patient was excluded from this survey if an incision 
had been made, regardless of whether the operation 
had been completed or not. Several had undergone 
cardiac arrest before operation was begun. Several oth- 
ers had no palpable pulses and no audible heart beats, 
though electrocardiograms demonstrated some electri- 
cal activity. Many were in profound circulatory collapse 
at the time operation was started. Others exhibited only 
moderate shock and some had stable and apparently 
adequate circulation. 
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Age Distribution 


Age in Years-Range-( Mean) 


Patients Who Survived 


Patients Who Died 


Group First Period Second Period First Period Second Period 
A 57-86 (67.1) 49-82 (67.2) 51-82 (64) 67-72 (68.5) 
B 56-77 (59.9) 61~80 (70.1) 52-77 (64.1) 54-85 (69) 

C 62 63-78 (69.7) 65-80 (72.5) 54-88 (72) 
D 56-86 (64.7) 49-82 (68.2) 51-82 (64.6) 54-88 (72) 


The patients were divided into three groups—A, a 
group numbering a little more than half the total treated 
by one surgeon, B, a second fairly large group operated 
upon by another surgeon, and C, a group of 42 patients 
in whom operations were performed by five mem- 
bers of the staff and a large number of resident sur- 
geons.” Since certain improvements in management 
gradually took place with the passage of time, the ex- 
periences were also analyzed with regard to. whether 
treatment was carried out during the first (1953-1962) 
or the latter half (1963-1972) of the 20-year period 
covered, These improvements included more prompt 
operations, the availability of commerically prepared 
Dacron grafts, better anesthesia, specialized help from 
a ventilatory assistance team, better care of patients 
in renal failure and the development of intensive care 
facilities. The first intensive care unit was established 
towards the end of 1959. By the beginning of the sec- 
ond time period the intensive care facility was render- 
ing invaluable help. 

The patients in each group were also separated into 
three categories according to their circulatory status— 
those in profound collapse, those in moderate shock, 
and those in whom there was no evidence of shock or in 
whom only mild shock was present. Some in the first 
category were in cardiac arrest before operation was 
begun. In others no pulses were palpable and no blood 
pressure was obtainable although the heart was beat- 
ing. Still others had weak and rapid pulses and blood 
pressure of not more than 65 mm. Hg.** Included in 
this group were patients in whom pressures were bet- 
ter beforehand but had dropped to this level or lower 
upon induction of anesthesia. Not placed in this cate- 
gory, however, were those in whom pressure fell to 
this degree only after operative manipulation. The ma- 
jority in severe shock had no obtainable pressure and 
only a weakly palpable aortic pulse at the time opera- 





*In three instances in which the operative responsibility was 
shared by two surgeons, the case was assigned to the one felt to 
have performed the most critical portion of the procedure. 

"> During the latter part of the time period covered the blood 
pressure was monitored continucusly from an intra-arterial 
catheter in most cases, 
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tion was started. The patients in the second group had 
obvious evidence of shock but blood pressures higher 
than 65 mm. Hg. The patients classified as having mild 
shock or none differed from one another more than did 
those in the other two categories. Some had Jost very 
little blood while some had rather massive peri-aneurys- 
mal hemorrhage. Some had maintained good urinary 
excretion; others appeared to be oliguric. Some of the 
aneurysms were huge, others moderate in size and a 
few relatively small. 

Eighty of the 158 cases were in group A, 36 in 
group B, and 42 in group C. Fifty-five per cent of those 
in group A were treated during the first half of the time 
period covered, 36% of those in group B, and only 
T% of those in group C. The age range and the mean 
age of the three groups differed somewhat but not 
greatly, both with respect to the patients who lived and 
to those who died (Table 1). Forty-one per cent of 
those who survived were 70 or more, 7% 80 or more 
years of age. Forty-six per cent of those who died were 
70 years old or more, and 15% were in their eighties. 
Their distribution with respect to the severity of shock 
was not very dissimilar (Fig. 1). About one half of those 





Fic. 1. Graph showing distribution of patients with respect to the 
severity shock. The solid columns indicate the percentage in 
severe, the columns with diagonal lines that in moderate and 
the cross-hatched columns the percentage in no shock or in mild 
shock. ° 
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Fic. 2. Graph showing mortality in the several groups. The solid 
columns signify the per cent of patients who died in the operating 
room or during the first week, those with So lines the per 
cent of those who died in from 1 to 6 weeks, and the cross- 
hatched columns the overall mortality. The open columns along- 
side the others indicate the values for those patients treated 
during the second half of the period surveyed. 
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in groups A and C were in profound shock, a slightly 
smaller proportion of those in group B. 

The results differed in the three groups, the rate of 
mortality was least in A and greatest in C. The 
overall rate of mortality in groups A, B, and C was 
41.2, 58.3 and 78.6% and during the latter half of the 
period covered it was 25, 65.2 and 79.5%, respectively 
(Fig. 2). The rate of mortality for all patients was 
55.1% and from 1955 to the present, 56.1%. A larger 
percentage in group C died in the operating room or 
during the first week, 59.5 as compared with 27.5 and 
33.3% in A and B. The same was true of those treated 
from 1963 to the present, the figures for C, B and A 
being 61.5, 34.8, and 11.1%, respectively. The results 
were more nearly the same with respect to the per 
cent who died from 1 to 6 weeks after operation, 17.7% 
in group C, 25% in group B, and 13.7% in group A. 

Survival of patients in profound circulatory collapse 
differed in the three groups (Fig. 3), the percentage 
values in A, B, and C being 43.9, 23.1 and 14.3%, re- 
spectively, They were even more divergent during 
years 1963 to the present, 70.6, 0, and 15%. Corres- 
ponding survival figures for the entire period for those 
in moderate shock were 46.7, 42.9 and 25% and for 
those in no shock or only mild shock 91.7, 66.7 and 
33.3%, respectively. 


Discussion 


The poorer results in group C would seem best at- 
tributed to the fact that the operations were performed 
by a large number of surgeons each of whom took care 
of only a few patients. Furthermore, their experience 
with the operative management of abdominal aortic 
aneurysms treated electively was also comparatively 
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limited. It is of interest that the outcome was decidedly 
better, a 50% survival rate, in the hands of the surgeon 
who operated upon the largest number of patients in 
this group. 

If an explanation for the somewhat different results 
in groups A and B is forthcoming, it must lie in vari- 
ables in the patients treated or in differing methods of 
management rather than in operative proficiency. | All 
the patients in each group were treated by a single sur- 
geon with substantial experience in operations for aor- 
tic aneurysm. Two ways in which management differed 
might conceivably have played a role. In the first place, 
there was a preference in the group B cases first to 
carry out an abdominal exploration and to use a thor- 
acotomy incision for temporary cross-clamping of the 
thoracic aorta only if the abdominal survey indicated 
it was advisable or the initial efforts to gain control of 
the proximal aorta proved difficult. A primary thoracot- 
omy incision was made only in three (8.3%) and a 
thoracotomy incision was made after an abdominal 
exploration in three additional patients. Much more 
frequently in the group A cases the first step in the 
operative management was to cross-clamp the thoracic 
aorta through a small intercostal space incision. In the 
second place, in most of the group B cases the aorta was 
divided proximally, the aorta or iliacs distally, the an- 
eurysm excised to a variable extent, and the graft su- 
tured to the divided ends of the vessels. Though the 
same method was used at first in the other group, there 
occurred a gradual change towards the intrasacular in- 
terpolation of the graft and this technic was used en- 
tirely in those treated from 1963 to the present time. 
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Frc. 3. Survival according to severity of shock. The solid columns 
represent the per cent survival of patients in profound shock, the 
ee with diagonal lines those in moderate, the cross-hatched 
columns those in mild shock or with no evidence of shock, and 
the stippled columns all patients treated. The open columns 
alongside each of the others indicate corresponding percentage 
values for patients treated during the second half of the period 
covered. 
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The experiences obtained in group A should pro- 
vide a reasonably good basis for attempting to set up 
guide lines for the management of ruptured infrarenal 
abdominal aortic aneurysms. It comprises a sizable 
number of cases. The patients were treated by the 
same surgeon over a 20-year period. The changes in 
patient management with the passage of time were 
fairly clear-cut. 

In the beginning the patient’s blood was cross- 
matched with donor blood and transfusions were be- 
gun before operation was started whenever shock was 
present. Anesthesia was induced before preparing and 
draping the operative field. Blood pressure was deter- 
mined by auscultation or by palpation of a distal pulse. 
Central venous pressure was not monitored. The initial 
operative incision .was an abdominal one and tem- 
porary proximal control of the aorta was achieved in- 
tra-abdominally, sometimes by exposing and clamping 
it as it emerged through the diaphragm, sometimes at 
a lower level. The aneurysm was excised totally or in 
part and the graft sutured to the divided proximal and 
distal vessels. At the beginning each graft was fabri- 
cated to the desired size from nylon cloth. Later com- 
merically available Dacron grafts were employed. The 
endotracheal tube was usually removed at the comple- 
tion of the operation. After a period of time in the re- 
covery room the patients were cared for in ordinary 
room or ward facilities, Blood gas values were obtained 
infrequently. 

Gradually changes were. effected. Patients were 
transferred to the operating room more rapidly. There 
was established the policy of obtaining blood from the 
patient for typing and cross-matching but not of wait- 
ing for blood to transfuse before beginning operation. 
Less and less was done in the admitting area before 
taking the patient to the operating room. If feasible a 
plastic catheter was placed immediately in an artery 
for continuous monitoring of blood pressure. A catheter 
was also quickly introduced for measurement of central 
venous pressure. If these measures were impossible 
because of the profundity of shock, they were deferred 
until an improved circulatory status was achieved by 
aortic cross-clamping. The operating team stood ready 
to prepare the skin, drape the patient hurriedly, and 
make a thoracotomy incision for clamping the aorta 
in case the blood pressure fell drastically with induc- 
tion of anesthesia. Finally, the practice of preparing 
and draping the operative area before inducing anes- 
thesia in all patients in clear-cut shock was instituted so 
that a thoracic incision could be performed instan- 
taneously, if necessary. 

More and more often the initial incision was made 
in the intercostal space to facilitate immediate cross- 
clamping of the thoracic aorta. In two of the four pa- 
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tients reported in 1955 by Javid and associates’ it had 
been felt necessary to extend the original mid-line in- 
cision into the chest in order to clamp the thoracic aorta. 
We first began to employ a thoracic incision in some 
cases following a disastrous experience in August 1955. 
The patient had undergone abdominal exploration in 
another institution. Just as the wound was re-opened 
and before any intraabdominal manipulation, the an- 
eurysm ruptured again, free into the peritoneal space. 
The thoracic aorta was quickly clamped through an in- 
tercostal approach but the patient did not survive. Dur- 
ing the first half of the period surveyed primary thor- 
acotomies were performed in 43% of the cases, all but 
one in cases of severe shock. In three additional pa- 
tients this maneuver was performed after re-opening 
an abdominal incision made elsewhere or after making 
a small upper abdominal incision in order to see how far 
cephalad the hematoma extended. In contrast, during 
the latter half of the time period a primary thoracotomy 
was made in 88% of the patients in severe shock, 83% 
of those in moderate, and in 9.5% of those in mild 
shock. In one additional patient in mild shock such an 
incision was carried out after the abdominal incision 
made shortly before in another hospital had been re- 
opened. 

Thoracotomy does introduce a second incision and 
may increase the likelihood of pulmonary complica- 
tions. Its use in many instances, however, seems to be 
justified. When the patient is in profound shock and 
even pulseless the heart action becomes stronger and 
good blood pressure is obtainable almost the instant 
the thoracic aorta is clamped. Hemorrhage ceases. The 
abdominal incision can be made quickly, the aorta 
proximal to the aneurysm is clamped, and the tho- 
racic aortic occlusion is released. The timed interval be- 
tween clamping and unclamping the thoracic aorta has 
occasionally been as brief as 3 minutes and rarely more 
than 10. One can then proceed to gain control of the 
distal aorta or iliacs and deal with the aneurysm itself. 
In contrast, gaining control of the proximal aorta 
through the abdomen without thoracic clamping may 
prove time consuming and fraught with danger of further 
blood loss with all its potential hazards. As one goes 
through an overlying hematoma to isolate the aorta 
there always exists the possibility that the path of exit 
from the aneurysm, up to now blocked by clot, may be 
opened widely (Fig. 4). 

If the practice of using thoracotomy incisions freely 
is followed, they will undoubtedly be made in some 
cases in which intraabdominal proximal aortic control 
might have been achieved without difficulty or blood 
loss. Furthermore, the thoracotomy may prove unnec- 
essary because of a mistake in diagnosis as was the case 
in one of our recently treated elderly patients *with 
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Fic. 4, Diagram illustrat- 
ing an extensive retro- 
peritoneal hemorrhage 
about the ruptured aneu- 
rysm and the proximal 
and distal vessels. Buried 
as the aneurysm is be- 
neath the clot, its extent 
is often impossible to de- 
termine until the poste- 
rior peritoneum is opened 
and some of the throm- 
bus removed. Entry into 
the hematoma in order to 
isolate and clamp the 
proximal aorta may re- 
open the exit path from 
the aneurysm unless the 
aorta is occluded at a 
higher level, 
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excruciating abdominal pain and tenderness and a very 
large aneurysm. He made an uneventful recovery after 
closure of a perforated ulcer and excision of an unrup- 
tured aneurysm despite the thoracic incision. 

Though one of us in some cases of peripheral an- 
eurysms had interpolated a vein graft from within the 
opened sac during World War II, we did not begin to 
use this technic for abdominal aortic aneurysms until 
much later. Its advantages soon became apparent’ 
and this method was used in some group A cases of rup- 
tured aneurysm during the latter part of the first half 
time period of this study and in all during the latter 
half. One need carry out dissection of the aorta prox- 
imal to the aneurysm only to the extent necessary for 
placement of a clamp across it. It is unnecessary to 
mobilize it as is the case if it is to be divided prior to 
union with the graft. Lumbar arteries in the vicinity 
can be left undisturbed. One need not be concerned 
about an adequate length of aorta distal to the clamp 
nor fear that the clamp will slip off the divided aorta. 
After control of the distal aorta or iliac arteries is 
achieved, the aneurysm is unroofed; the. thrombus is 
evacuated; the intimal debris is removed totally or in 
part, any open lumbar or sacral arteries are transfixed 
and the graft is sutured in place. The anastomosis of a 
graft to the aorta is ordinarily accomplished easily 
(Fig. 5), especially since the thickened intima in the 
aortic orifice can be removed so nicely. If the other 
end of the graft is to be united with the distal aorta this 
is done in similar fashion. If it must be affixed to the 
iliac arteries these anastomoses can be carried out within 
the opened sac in the same way, or in the traditional 
manner after division of the artery. The entire pro- 
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cedure necessitates minimal dissection about the an- 
eurysm and hence saves time and minimizes the chance 
of loss of blood from divided small vessels. The residual 
sac is then closed over the graft. This covers the su- 
ture line and should give added protection against a 
suture line—enteric fistula. 

In order to reduce the risk of additional blood loss, 
woven and relatively leakproof Dacron grafts have 
been utilized for straight aortic replacement and oc- 
casionally as bifurcation grafts when the iliacs have been 
so ectatic as to permit use of one with iliac extensions 
of unusually large size. 

Usually little blood loss occurred from the moment 
of thoracic aortic occlusion until the graft was in place. 
From the beginning Ringer’s solution had been admin- 
istered intravenously along with some plasma substitute. 
By the time the procedure was well under way cross- 
matched blood was available and was given in amount 
equal to the estimated loss. In occasional cases in 
which transfusion was felt to be required earlier type 
specific blood being cross matched was given. 

Before closing the incisions a tube gastrotomy was 
performed in order to obviate the need for subsequent 
use of a nasogastric decompression tube. 

One would anticipate that the results should have 
been better during the latter half of the period of the 
study. To be sure, certain factors might have worked 
towards the selection of poorer risk patients in the later 





Fic. 5. Drawings illustrating the method of intrasacular anas- 
tomosis of the graft and proximal aorta. If the aorta is clamped 
horizontally the suture is begun on the lateral aspect of the 
orifice opposite the operator and continued around, If it is 
clamped vertically the suture is begun posteriorly and continued 
up the two sides. 
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years. It is possible that physicians, aware of inevitable 


_ death after rupture in untreated instances and knowing 


that some end-of-the-road patients survive operative 
treatment, may have referred more and more terminal 
or near terminal occurrences. In addition, the few pa- 
tients who in earlier years died shortly after admis- 
sion before any operation was performed were now 
rushed to the operating room regardless of how poor 
the outlook. Operation was carried out even in those 
in whom cardiac arrest had occurred. _ 

The results in group A were, indeed, decidedly 
better during the last half of the period surveyed. The 
overall survival rate increased from 58.8 to 75%. Fewer 
died during or soon after operation. The percentage of 
those who died in the operating room fell from 15.9 to 
2.8. In the first half of the period 27.5% died in the 
operating room or during the first week; in the sec- 
ond half, only 11.1% died. Those who lived only. a 
short period, of course, died more frequently of prob- 
lems relating to the operation itself while those who 
survived for weeks not infrequently died from pre- 
existing difficulties. One 72-year-old man operated upon 
in profound shock, for example, weathered a stormy 
postoperative course but remained hypoxic despite con- 
tinuously breathing a high oxygen content mixture 
delivered through a mask; he finally died of respira- 
tory troubles a month postoperatively. 

Improvement was especially noticeable in the man- 
agement of patients in profound shock. Their survival 
rate was 44% in the first half and. 70.6% in the second 
half of the time period covered. 

Ample evidence from the entire group surveyed in- 
dicated that delay in operation would only court dis- 
aster. Several patients referred to the hospital with 
probable or impending perforation was judged sat- 
isfactory enough to defer operation a few hours or. until 
morning. Sudden profound collapse occurred during this 
period and though each was operated upon immedi- 
ately, none survived. The same course of events took 
place in one patient in whom the aneurysm ruptured 
while he was in the hospital for an unrelated problem. 
As the records of the patients treated are reviewed the 
strong impression is gained that most of the studies 
carried out and most of the therapeutic measures in- 
stituted prior to operation only served to delay the 
procedure and increase the mortality. 

It is also clear that acute renal failure may follow 
a short period af shock but is much more apt to occur 
when profound shock has been present for a longer 
time. Nevertheless, it is equally evident from our sur- 
vey that one should not abandon further efforts be- 
cause of the duration and depth of shock. One of the 
group A patients, for example, was admitted several 
hours after his physician telephoned from an adjoin- 
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ing state to say he was preparing to send him over by 
ambulance despite the fact that no blood pressure was 
obtainable and no pulses except for the carotids were 
palpable. His condition was unchanged at the time of 
arrival. Renal tubular necrosis was naturally severe but 
he left the hospital in good condition about 7 weeks 
after operation. | 

The observations made in the group A patients do not 
demonstrate conclusively that the improvement in re- 
sults noted resulted from the plan of management 
evolved but they indicate strongly that this is a satis- 
factory plan. Taking these experiences and those ob- 
tained in the other groups into consideration, it would 
seem reasonable to make these conclusions. 


Conclusions 


Patients with ruptured abdominal aortic aneurysms 
should be operated upon with the least possible delay. 
If feasible they should be treated in institutions and 
by surgeons accustomed to dealing with such prob- 
lems. The patient with abdominal pain, tenderness, 
and an abdominal aneurysm should be operated upon 
promptly even if no signs of shock are present and even 
if only a diagnosis of threatened or Sa peneing rupture 
is tenable. 

If rupture seems clearly to have | the pa- 
tient should be transferred to the operating room as 
rapidly as possible. The few things which are required 
prior to operation—drawing blood for typing and cross- 
matching, catheterizing the bladder, shaving the op- 
erative field, starting an intravenous infusion—can be 
done as well in the operating room as in the admitting 
area. 

Introduction of catheters for monitoring arterial and 
central venous pressures is highly desirable. If this is 
difficult because of too profound a state of shock, it 
can be deferred until a better circulatory status follows 
aortic occlusion. The operative field should be pre- 
pared and draped prior to the induction of anesthesia 
if any clear-cut shock is present. All too frequently a 
drastic fall in blood pressure and, occasionally, cardiac 
arrest immediately accompanies the vasodilatation 
which anesthesia induces and one must be prepared 
to make an intercostal incision and to clamp the tho- 
racic aorta instantly. The initial incision should be a 
thoracotomy whenever severe shock is present. It should 
also be used in cases of moderate shock unless there is 
every indication to suggest that the aneurysm is not a 
high one and that the extravasation does not extend in 
a cephalad direction over the proximal aortic segment. 
The thoracotomy may also prove a wise measure in 
cases of mild shock when abdominal examination in- 
dicates the hematoma overlies the proximal aorta.*The 
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thoracic aortic occlusion should be released as soon as 
an abdominal incision can be made and a clamp placed 
across the aorta proximal to the aneurysm. 

Unroofing the aneurysm and interpolating the graft 
from within the sac minimizes blood loss, conserves 
time, and adds to the safety of the procedure. 

Postoperative care demands adequate ventilatory sup- 
port as long as necessary, careful maintenance of blood 
volume, restriction of fluids until adequate renal func- 
tion is demonstrated, gastrointestinal decompression 
until proper gastrointestinal motility is regained, and 
prompt recognition and treatment of any complication 
which may arise. 

One hundred fifty-eight patients with ruptured in- 
frarenal aortic aneurysms were operated upon from 
1953 to the present time. No patient in whom an in- 
cision was made was excluded from consideration even 
if cardiac arrest had already occurred, Forty-five per 
cent of the patients survived. 

Eighty of the patients were treated by a single opera- 
tor. Fifty-nine per cent lived. The results were better 
during the second half of the period of study than 
during the first. Seventy-five per cent of this group sur- 
vived. Only one patient died in the operating room 
and only 11% during the first week. Especially en- 
couraging was the fact that 70.6% of those in profound 
shock lived. 


DISCUSSION 


Dr. Denton A. CooLey (Houston), discussing both papers: 
In December, 1951—21 years ago—my paper was presented be- 
fore the Southern Surgical Association advocating for the first 
time excisional therapy for all aneurysms of the aorta, wherever 
conditions would permit. Since then this method of treatment has 
become the accepted therapy. | 


Two years later we reported successful resection of a ruptured 


abdominal aneurysm. 

I would like to thank Dr. Lord for pointing out enother indi- 
cation for removing the aneurysm, and to point out an additional 
reason for removing the small aneurysm, 

I recall a meeting of vascular surgeons 2 years ago in Chicago 
where one group of surgeons recommended that aneurysms smaller 
than 7 cm. did not deserve resection. l 

At that time I suggested that the best unit of measurement 
was not the diameter of the lesion on radiography but the actual 
weight of the lesion. This, of course, could only be determined 
after excision of the aneurysm. i 

Dr. Shumacker’s paper reveals the extent to which emergency 
operation has grown during the years, and some of the evolu- 
tionary factors in the development of an operation for aneurysm 
of the abdominal aorta. During the past 10 years, since I have 
been operating under the banner of the Texas Heart Institute, 
we have operated on 1135 patients with aneurysms of the abdomi- 
nal aorta, with 70 deaths, or a 6.2% mortality. Males outnum- 
bered females by about six to one, there being 953 males and 
182 females. The mortality in the two sexes was identical. 

Among these 1100 patients there were 43 who had acute rup- 
ture ef an abdominal aneurysm. Among these patients seven died 

. 
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(16.3%). If one were to exclude the ruptured cases from the 
entire series, there would be 1092 patients with 63 deaths, or 
a 5.8% mortality. The risk in the females was slightly higher than 
in the males, for a number of reasons. 

` I would like to recommend some of the factors which Dr, 
Shumacker so ably pointed out. One is to avoid procrastination 
in operating on these patients with suspected rupture. We do not 
even wait for cross-matching of blood. In fact, I am inclined to 
believe that preoperative transfusions may be contraindicated, in 
that it raises blood pressure, and may contribute to further and 
more isaneuineting SA . 

The surgical team should be in the operating room during 
the induction of anesthesia, and should not be standing at the 
scrub sink or worse yet in the coffee bar. 

The first step should be to give the patient intravenous heparin, 
and the anesthesiologist gives 100 mg. intravenously. This is 
because the circulation is so greatly impaired during these shock 
states that small vessels thrombosis may contribute to visceral 
damage during periods of shock or aortic cross clamping. I be- 
lieve the new disposable autotransfusion devices are very useful 
in operations for ruptured abdominal aneurysm. 

Our approach is to make an upper midline abdominal incision 
first, go for the aortic hiatus in the diaphragm, and clamp the 
aorta at the diaphragm. We have never found it m and 
do not consider it proper, to subject the patient to an additional 
thoractotomy. Often these patients are elderly, and the addition 
of a thoracotomy may impose a serious handicap after operation., 
One can clamp the aorta as it comes through the sce oe 

Another point which I think is of some importance is that one 
may use a nonporous woven Dacron graft. These patients who 
are so badly exsanguinated, have lost much of the clotting fac- 
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tors in their blood arid the addition of homologous blood and 
electrolyte solutions enhances the bleeding tendency. 


Dr. Wittramt H. Epwarns (Nashville), discussing both pa- 
pers: I’d like to direct my comments to Dr. Shumacker’s presen- 
tation on the ruptured abdominal aortic aneutysm. I think we are 
indebted to him for bringing these data to us today, a pioneer in 
this work, 

I would like. to comiment on proximal aortic control prior to 
entering the hematoma. Dr. Cooley has mentioned ao at the 
esophageal hiatus. We feel that this is the best approach to 
proximal aortic control. We do not elect to perform a thoracotomy 
in order to gain control of the aorta. | 

We have felt that entering the hematoma prior to this control 
creates many problems. I would agree with Dr. Shumacker on 
the various modalities which he utilizes to ready the patient. I 
think that prompt surgical intervention is essential. 

I would like to ask Dr. Shumacker if he has encountered any 
paraplegics following resection. for ruptured abdominal aortic 
aneurysms. We have had one patient who survived operation who 
had paraplegia. In checking the literature, we find that this oc- 
curs more frequently following ruptured abdominal aortic aneu- 
rysms, the result of hypotension, and of possible proximal aortic 
control contributing also. 


Dr. Jere W. Lorp, Jr. (Closing discussion of Paper No. 35): 
I'd like to thank Dr. Cooley for his comments. 

There are some of us in the hinterlands who have always felt 
that all things coming from the great State of Texas were the 
largest, but I have been convinced by Dr. Cooley that perhaps 
some of the smallest were also significant. I did not become a real 
believer until one of these patients came along. 

I have ledmed from Dr. Rossi how to operate upon abdominal 
aortic aneurysms as Dr. Shumacker desedbed Where Dr. Rossi 
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learned it I do not know—to leave it in place. The only specimen 
the pathologist gets from our hands is the thrombus, and there- 
fore we would have a hard time weighing the aneurysm. It is 
left in place, and I feel when I write an operative note, “Resec-. 
tion of abdominal aortic aneurysm,” I am afraid somebody is 
going to catch up with me. 


Dr. Harris B. SHUMACKER, JR. (Closing discussion of Paper 
No. 36): I certainly appreciate the interesting and helpful com- 
ments of Dr. Cooley and Dr. Edwards. 

First, to answer Dr. Edwards’ question, I believe we have had 
no patient in the series of ruptured aneurysms who has been 
paraplegic. We have had a few operated üpon electively who 
had paraplegia prior to operative intervention. 

I think Dr. Cooley is very right in stressing the fact that small- 
ness of size does not give the patient freedom from the disaster 
of rupture, One of our A aneurysms was hardly any larger 
than that one Dr. Lord demonstrated. 

Dr. Cooley is quite right, I am sure, in emphasizing the de- 
sitability of preventing further blood loss by using a nonporous 
graft. 

I use the thoracotomy incision because it can be made so 
quickly and easily and the thoracic aorta can be occluded so 
safely without a moment’s loss of time. With the abdominal wall 
totally ischemic, one can then make a mid-line incision and gain 
control of the abdominal aorta with remarkable rapidity. The in- 
terval of thoracic aortic cross-clamping is always measured by 
clock in the operating room. On one occasion I think this period 
was about 20 minutes, but in recent years it has usually been 
only 3, 4, or 5 minutes. We leave the thoracotomy incision alone 
until the operation is completed and then close it. 

Obviously the way to manage the problem of the ruptured 
aneurysm is to prevent it by elective resection of all abdominal 
aortic aneurysms, 


Management of Post-Traumatic Pain Syndromes: 


Report of 113 Cases 


R. DON PATMAN, M.D., F.A.C.S., JESSE E. THOMPSON, M.D., F.A.CS., 


HE EXPECTED RESPONSE to trauma to an extremity after 
Tooo is orderly and predictable healing of the 
wound, return of function, return of circulatory dynamics, 
and a gradual cessation of pain. Occasionally this pre- 
dictable physiological response to injury reacts in a most 
bizarre fashion despite adequate treatment and the ab- 
serice of obvious factors detrimental to prompt healing. 
Pain may become severe and unrelenting but may be of 
any gradation. There may be a marked disparity be- 
tween the severity of pain and the apparent injury. Sym- 
pathetic dysfunction, either over-activity or under-activ- 
ity, will usually become evident but be mild or severe. 
Prolongation of these circumstances eventually begets 
delayed functional recovery and may become a predom- 
- inant feature of the syndrome. Trophic changes are 
almost always present in varying degrees and if the 
process is left unattended they may become irreversible. 

The purpose of this report, based upon the authors’ 
clinical experience with 113 patients, is to emphasize this 
very important entity in an effort to facilitate early diag- 
nosis and outline a program of management. 

Iri 1864 Mitchell, Morehouse and Keen*® described this 
extremely painful syndrome in a classic and éloquent 
fashion, Although they are usually credited with originat- 
ing the term causalgia, in their original manuscript, no- 
where can one find the word “causalgia.” However, by 
1872 Weir Mitchell published a second book‘! and in 
this volume the word “causalgia” does appear but it is not 
defined. Richards** found the elusive answer in an article 
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published by Weir Mitchell in 1867. In a volume entitled 
Contributions Relating to the Causation and Prevention 
of Disease and to Camp Diseases edited by Austin Flint,*° 
S. Weir Mitchell wrote a chapter ‘ ‘On the Diseases of 
Nerves Resulting from Injuries.” He wrote the following: 


“Causalgia—there is, however, one species of pain arising 
out of nerve wounds which have never been described 
except by my colleagues and imyself, although tlie state of 
skin which is usually found with it had been spoken of by 
Mr. Paget, who seems to have seen it only in association 
with common neurologic pain. In writing of this peculiar 
kind of suffering, I felt that it would be well to give it some 
more convenient name than merely “burning pain”, and, in 
accordance with the suggestion of my friend, Professor 
Robley Dunglison, I have therefore adopted thé term 
causalgia as being both descriptive and convenient.” 


Therefore, there can be little doubt that Weir Mitchell 
was the first person to use the term “causalgia” but credit 
for the origin of the term must properly be accorded to Dr. 
Dunglison. 

Ambroise Pare*® in the 16th century may well have 
reported the first case of catisalgia. In the days when 


“bleeding” was a universal method for treating illnesses, ° 


the lancet wound to open a vein sometimes led to 
severe pain and it was appreciated that the pain arose 
because of injuries to nerves. Such an accident apparently 
occurred to Charles IX. While King Charles was stricken 
with a fever, it was decided that he should be bled. As 
the vein was opened, a nerve was pricked. The king im- 
mediately complained of severe pain and at the same 
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TABLE 1. Classification of Post-traumatic Pain Syndromes 
I. Causalgia 

Il. Mtmo-causalgia States 

Post-fracture 

Major trauma (crush injuries, etc.) 

Post-operative trauma 

Shoulder-hand syndrome 

Minor trauma (cuts, sprains, falls) 

Unknown 

Others (unclassified) 
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time his arm contracted suddenly. Pare evidently con- 
sidered injuries of this kind to be serious for he comments 
that if the remedies he employed had not been sufficient 
to bring about a cure, he would not have hesitated to use 
boiling oil in the wound, or to have cut the nerve com- 
pletely. He stated that it seemed more expedient to sacri- 
fice the usefulness of the arm than to let the king perish 
miserably for the want of doing it. 

In 1813, 50 years before Mitchell’s description, Den- 
mark!? reported a case of a soldier whose arm had to be 
amputated because of burning pain while Hamilton” in 
1838 described several cases in which severe pain followed 
accidental nerve wounds. Earlier in the same year that 
Mitchell et al. published their monograph, Paget** had 
described the trophic changes of patients with injured 
nerves and mentioned the accompanying distressing pain. 
Pare’s case may well be the first case of causalgia in the 
literature but it cannot be claimed for any of these earlier 
writers that they described the syndrome which Weir 
Mitchell and his fellow surgeons delineated so well. His 
descriptions have not been surpassed by modern sur- 
geons. As Richards*® so aptly stated “there is no doubt 
that the real credit for the recognition of the syndrome 
belongs to the American surgeons.” 

Unfortunately, Weir Mitchell did not specifically de- 
fine causalgia and there is considerable confusion over 
the use of the term, but it is clear from his writings*®-4*.*1 
that he intended causalgia to refer to a specific painful 
condition which follows injury to one of the major 
peripheral nerves. Therefore, in its strictest sense causal- 
gia is taken to mean a painful syndrome which may 
follow injury to a main nerve trunk, the pain being of a 
burning nature. 

Since the pathogenesis of classic causalgia remains 
uncertain it seems possible that an entity of lesser form 
could exist. As a result there is a plethora of confusing 
terms in the literature which include the following: 
causalgias, major causalgia, minor causalgia, post-trau- 
matic sympathetic dystrophy, reflex sympathetic dystro- 
phy, Sudek’s atrophy, post-traumatic dystrophy, shoulder- 
hand syndrome, traumatic edema, reflex dystrophy, post- 
traumatic pain syndromes, sympathetic neurovascular 
dystrophy, causalgia-like states, post-traumatic vasomotor 
disorders, painful osteoporosis, chronic segmental arterial 
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spasm, post-traumatic sympathetic dysfunction, Sudek’s 
syndrome, reflex dystrophy of the extremities, post-trau- 
matic painful osteoporosis, traumatic neuralgia, Mitchell’s 
causalgia, Homans minor causalgia, Steinbrocher’s 
shoulder-hand syndrome, post-traumatic spreading neu- 
ralgia, sympathalgia, acute atrophy of bone, traumatic 
angiospasm, chronic traumatic edema, peripheral tropho- 
neurosis, and reflex nervous dystrophy.??:76.27,53,60,60,61 
To anyone interested in this problem it becomes apparent 
that a standardization of terms would be beneficial. 

Causalgia should. be strictly used to designate the 
syndrome which may develop following a nerve injury. 
Profound disability and just as severe pain may be en- 
countered in less clear-cut variations of the disease. They 
are no less important and undoubtedly more common 
except in war time. 

Mitchell uses the term “imitate” on several occasions 
in his writings. With this thought in mind along with 
assistance of a friend knowledgeable in Greek, the term 
“mimo-causalgia” was coined. “Mimo” in Greek means 
an attempt to recreate or imitate. The other entities. do 
indeed appear to struggle for this achievement. There is 
a sincere wish to solidify the status of these other condi- 
tions rather than add to the present confusion. “Mimo- 
causalgia states” will be used henceforth as a collective 
term throughout the remaining portion of this communi- 
cation and in the proposed classification (Table 1). 


Analysis of Cases 


One hundred thirteen patients with a post-traumatic 
pain syndrome were treated by the authors, over 80% 
being seen in the last 8 years. Twenty-five patients dis- 
played a true causalgia syndrome with a confirmed major 
nerve injury while 88 patients were classified as “mimo- 
causalgia states”, although the possibility of a peripheral 
nerve injury was suspect in some. The etiology of the in- 
juries is summarized in Table 2. The site of involvement 


TABLE 2. Etiology of Injuries 


I. Causalgia 
Gunshot wounds* 11 
Fracture 4 
Crush and compression injury 3 
Laceration 2 
Other forms of trauma 5 


If. Mimo-causalgia 2 
Fracture 30 
Minor trauma (cuts, sprains, falls) 31 
Post-operative trauma 6 
Shoulder-hand syndrome 
Major trauma (crush injuries, etc) 
Unknown 
Others (miscellaneous causes)t 


* 7 had associated fractures 88 


t following electrical burns, herpes, etc. 
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TABLE 3. Site of Injury 
Causalgia 25 
Upper extremity 9 
Lower extremity 16 
Mimo-causalgia 88 
Upper extremity 60 
Lower extremity 28 


113 


is listed in Table 3. There were 50 males and 63 females. 
The youngest patient was 11 years of age while the oldest 
was 80 years. The age distribution is displayed in Table 4. 
The average duration of symptoms in patients with cau- 
salgia was 5 months with the shortest time being 1 week 
and the longest being 60 months. In the mimo-causalgia 
group the shortest period of symptoms was one week, the 
longest 15 months, with the average of 5% months. 

In 29 patients significant symptoms can be documented 
to be present within 7 days or less from the time of injury. 
The similarities of the two major categories with regard 
to vasomotor imbalance, delayed functional recovery, and 
trophic changes, are listed in Table 5. One of the most 
impressive facts revealed from the analysis of cases is that 
only 18 of 113 patients were treated initially and aggres- 
sively for a post-traumatic pain syndrome. The various 
methods of “pre-treatment” are listed in Table 6. Al- 
though several patients were subjected to numerous mul- 
tiple therapeutic endeavors, it is obvious that universal 
knowledge of this entity is lacking. Twelve patients had 
undergone prior operations because of a mistaken diag- 
nosis. 

All patients with the diagnosis of causalgia were treated 
surgically, The primary method of treatment in the 88 
cases of mimo-causalgia is summarized in Table 7. 

Of the 41 patients eventually treated by surgical sym- 
pathectomy, all but two had at least one diagnostic or 
therapeutic sympathetic block. The number of blocks per 
patient are listed in Table 8. Of the 42 patients treated 
primarily by chemical sympathetic blockade, interim 
physical therapy, and administration of vasodilators, di- 
uretics, and analgesics were considered important ad- 
junctive measures. Of the five patients treated medically, 
three refused sympathetic block while two were reluctant 
to proceed with sympathetic blocks. 

There were no deaths in the 113 cases; in the 66 pa- 
tients undergoing surgical procedures, complications 
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TABLE 4. Age Distribuiton of Patients 


1-19 years 9 
20-29 17 
30-39 19 
40-49 23 
50-59 29 
60--69 8 
70-79 7 
80-89 1 
Total 113 


were few. Two patients developed postoperative pneu- 
mothorax treated by observation only. One patient de- 
veloped a superficial wound infection. Post-sympathec- 
tomy neuritis was common but always transient. 

When the results of treatment are analyzed, two fac- 
tors must be emphasized. Relief of pain is of paramount 
concern yet many of these patients have residual nerve 
deficits, residual soft tissue and bone damage, and pos- 
sibly irreversible trophic changes. If chemical and sur- 
gical sympathectomy are called upon to relieve all of 
these symptoms, then the results will be confusing. The 
role of sympathectomy is the relief of a specific type of 
pain. The results of treatment are summarized in Table 
9. Eight patients (7.1%) were considered poor results 
while ten patients (8.9%) obtained marked relief of pain 
but were considered as good results. Ninety-five patients 
(84%) obtained excellent results from appropriate ther- 
apy. 
Although 95 patients obtained excellent results from 
the standpoint of relief of pain, 27 or 23.9% of these pa- 
tients had residual symptoms when critically analyzed. 
Nine patients with causalgia had residual symptoms, seven 
being related to incomplete nerve recovery and two re- 
lated to irretrievable trophic changes with resultant func- 
tional impairment. Eighteen patients classified as “mimo- 
causalgia” had residual symptoms, swelling, muscle weak- 
ness, loss of motion of joints or mild trophic changes. 

The excellent results in the majority of cases is ex- 
pected. Of even greater interest are the few unaccount- 
able failures which occur. In the causalgia group two 
failures were thought to be due to “central fixation” if in 
fact this phenomenon does exist. The other patient was 
believed to have either contralateral pathways or cen- 
tra] fixation but he refused further operation. In the five 
mimo-causalgia patients, two failures occurred in pa- 


TABLE 5. 
. Vasomotor Activity Delayed . Underwent 
No. of Avg. Length Functional Trophic Sympathetic 
Cases Sx. (mos. )} Over Under Normal Recovery Changes Block 
Causalgia 25 5.21 84.0% 16.0% 0 96% 76% 64% 
Mimo-causalgia 88 5.66 86.3% 2.3% 11.4% 91% 61.4% 92% 
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TaBLE 6. ‘Pre-treatment’ of Post-traumatic Syndromes 

No previous treatment 18 
Physical therapy 77 
Immobilization without fracture 16 
Vasodilators 9 
Local injections (Xylocaine, etc.) 6 
Cortisone 10 
Tranquilizers 14 
Anti-inflammatory agents 8 
Operations 12 

Carpal tunnel release 5 

Disc operation 2 

Neurolysis 3 

Foraminotomy 1 

Excision scar 1 
Unclassified treatment 5 


tients who refused appropriate therapy such as sympa- 
thetic blocks and/or operation, one was thought to have 
central fixation, and two were considered to have residual 
symptoms primarily due to compensation remuneration. 

All poor-result patients had had symptoms of more 
than 6 months with the exception of one. Two patients 
were compensation cases, two patients had law suits 
pending, and seven of the eight poor results demon- 
strated bonafide personality disorders. 

The patients classified as good results were those 
who had adequate relief of pain but were not completely 
rehabilitated for one reason or the other. The duration 
of symptoms varied from 15 months to 4 months. Two 
patients refused operation, four patients had significant 
permanent trophic changes, and four patients were 
considered to have residual complaints secondary to 
compensation gain. Of the ten cases in this group seven 


A were compensation cases, one patient had a law suit 


pending, and four were considered to have significant 
personality disorders. 


Etiology of Post-traumatic Pain Syndromes 


Various theories have been proposed to explain causalgia 
but all have shortcomings and none have been uni- 
versally accepted (Fig. 1). 

A simple explanation for these findings is that the 
sympathetic nerve fibers themselves transmit the pain 


TABLE 8. 
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TABLE 7. Primary Method of Treatment 





I. Causalgia 25 Pts. 
Lumbar sympathectomy 14 
Bilateral lumbar sympathectomy 2 i 
Dorsal sympathectomy 7 
Anterior supraclavicular 

sympathectomy i i 
Transaxillary sympathectomy 1 
II. Mimo-causalgia 
A. Surgical 41 Pts.* 
Lumbar sympathectomy 15 
Bilateral lumbar sym- 
pathectomy 
Dorsal sympathectomy 21 
Transthoracic sympathec- 
tomy 2 
Anterior supraclavicular 
sympathectomy 1 
B. Chemical sympathetic block 42 Pts. 
Stellate ganglion block 33 
Lumbar sympathetic block 9 
C. Medical therapy (vasodila- 
tors, P. T., etc.) 5 Pts. 
113 Pts. 


* 95% underwent sympathetic blocks prior to operation. 


impulses to the central nervous system. This concept 
has been mentioned by Leriche,®° Freeman? and Bing- 
ham.’ Unfortunately, there is no good evidence that 
there are afferent fibers in the sympathetic pathways 
to the extremities. However, White and Sweet®’ state 
that the responses of some of their patients as well as 
the observations on individuals recorded by Echlin’® 
and Ellonen”? forced them to concede that there may be 
exceptions to the statement that pain fibers from the arm- 
and leg do not transverse the sympathetic plexuses. 

A popular theory at the present time is that proposed 
by Doupe et al.* in which artificial synapses occur at the 
site of injury. A “short circuit” occurs at the point of par- 
tial nerve interruption or demyelinization. which allows 
efferent sympathetic impulses to be relayed back along 
afferent somatic fibers. | 

De Takats'#15 and Ross** have supported the view that 
causalgia is a state of painful vasodilatation due to over- 
distention of the -capillaries of the skin. There is con- 
siderable evidence against this theory since vasodilata- 


Use of Sympathetic and Placebo Blocks in Diagnosis and Therapy 





Number of Sympathetic Blocks 





No blocks 
R Patient performed 1 2 3 4-9 Placebo Blocks 
Causalgia (25 pts.) 9 9 5 2 0 0 
ty Mimo-causalgia (83 pts.) 2 27 26 17 11 0 : 
A. Surgical (41 pts.) 2 17 11 6 5 1 
* B. Chemical Rx. only (42 pts.) 0 10 15 li 6 6 


201 Sympathetic Blocks 
7 Placebo Blocks 


208 Total Blocks 
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TABLE 9, Results of Treatment 





Relief of Pain 





Classification Cases Poor Good Excellent Residual Symptoms 
Causalgia 25 3 (12%) 0 22 (88%) 9 (36%) 
Mimo-causalgia 88 5 (5.7%) 10 (11.3%) 73 (83%) 18 (20.4%) 
Totals 113 8 (7.1%) 10 (8.9%) 95 (84.0%) 27 (23.9%) 





tion is certainly not always present. Nathan* has also 
demonstrated several important differences between the 
findings in cases of causalgia and in cases of erythralgia 
where there is a true painful vasodilatation of the skin. 

Livingston** suggested a cycle of reflexes to explain the 
pain with three main components consisting of (1) in- 
creased production and release of afferent impulses in a 
peripheral sensory nerve following injury or irritation 
from any cause; (2) abnormal activity or increased stim- 
ulation in the internuncial pool located in the anterior 
horn of the spinal cord; (3) subsequent increase in sym- 
pathetic efferent activity. 

Melzak and Wall’! suggested a theory similar to Liv- 
ingston’s concerning the explanation of pain transmission. 
It is their contention that certain cells in the substantia 
gelatinosa of the dorsal horn of the spinal cord act as 
a computer or gate control system which direct the in- 
coming afferent sensory impulses. These cells on a highly 


sophisticated basis interpret the type, number, frequency | 


of afferent sensory impulses, and then relay these patterns 
of impulses to the brain for the perception of pain. The 
authors propose that impulses along large myelinated 
fibers inhibit this control system or “gate” and impulses 
transmitted along small fibers, perhaps afferent sympa- 
thetic, tend to stimulate or “open the gate”, and thus in- 
crease the impulses transmitted centrally via the neurons 
in the spinal center. | 


Clinical Manifestations 


Causalgia 


Mitchell’s classic description of causalgia represents a 
monumental example of devotion and attentiveness to 
patients’ complaints with subsequent clear recording of 
data. Little of significance has been added to the clinical 
description he presented, A sensation of burning pain 
involves the peripheral portions of the extremity. The 
pain and dysesthesias are not restricted to the area sup- 
plied by the nerve that is injured. The pain nearly always 


appears soon after the time of injury and may reach a 


‘maximum shortly thereafter as shown by the studies of 
cases during World War IT.47: 51. 63 

If sympathectomy is not performed the duration of cau- 
salgic pain must be extremely variable. Weir Mitchell 
reported that in many cases the pain lasted for only a few 


weeks and that most patients got well in time. However, 
his son, John Mitchell?! followed some of his father’s pa- 
tients for more than 20 years and they still had significant 
pain. 

The cutaneous dysesthesias may be so intense that 
the patient will not tolerate contact with clothing. Vaso- 
motor dysfunction is almost always present and may be 
severe or mild. Two principal variations may be ob- 
served, namely vasodilatation or vasoconstriction. 
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Fic. 1. Schematic representation of various proposed theories to 
explain etiology of post-traumatic pain syndromes. 


Vol. 177 » No. 6 * 


Prolongation of the syndrome eventually begets delayed 
functional recovery over and above any nerve deficit 
that may be present. Later, as trophic changes occur, 
function disturbances may persist long after pain has 
been relieved by treatment. 


Mimo-causalgia states 


Following trauma to an extremity of almost any variety 
and séverity but excluding those with obvious major pe- 
ripheral nerve injuries a similar syndrome may occur. A 
variety of terms mentioned previously have been used 
to describe this entity. 

As the different terms are scrutinized the variations of 
clinical findings are infinite. Almost all stress four factors, 
namely, pain, sympathetic dysfunction, delayed or ab- 
normal functional recovery, and trophic changes. If this 
condition, whatever the name shall be, is to be under- 
stood and recognized early by the entire medical profes- 
sion then some standardization of nomenclature is imper- 
ative Patients seen early and treated adequately profit 

“most, 

There are certain differences in the “mimo-causalgia” 
states that should be mentioned. The pain, although most 
often of a burning character, may assume many forms 
and descriptions by the patient. The pain is often diffuse 
and less well localized as compared to that of true cau- 
salgia. It is rarely limited to a definite area of nerve dis- 
tribution and is almost always more severe in the pe- 
riphery of the extremity. 

As mentioned before, there is often a great disparity 
between the apparent trauma and physical findings 
when correlated with the severity of pain. This point 


= f should be emphasized strongly since the busy clinician 


is usually so intolerant of seemingly unfounded com- 
plaints. Compassion, attentiveness to complaints, and 
the knowledge that a mimo-causalgia syndrome can 
occur following virtually any trauma will bring about 
early diagnosis and precise treatment. 

Hyperesthesia is very common. Although practically all 
patients show evidence of some vasomotor alterations 
sich as edema, cyanosis, coldness and hyperhidrosis, 
a significant number exhibit one of the changes out of 
porportion to the others. All variations may occur. 


Treatment of Post-traumatic Pain Syndromes 


In the past when no effective treatment was known, 
.causalgia frequently resulted in chronic invalidism, men- 
tal deterioration, drug addiction, and all too often self 
destruction. Weir Mitchell’? stated “when we first en- 
countered this formidable symptom we exhausted our 
ingenuity in devices for its relief.” A number of pro- 
cedures were directed to the injured nerve during World 
War I but none of themi gave consistently good results. 
Neurolysis was invariably ineffective. Platt*#® and Carter? 
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recommended that resection and suture be performed in 
all cases of classic causalgia. This procedure amounted 
to a destructive operation in many cases since the nerve 
injury was seldom complete and the neurological deficit 
often minimal prior to nerve resection. Sicard®* and 
Lewis?! recommended the injection of 60% alcohol into 
the nerve proximal to the site of injury on the basis 
that it interrupted sensory fibers but did not cause motor 
paralysis. This procedure was unsuccessful in most cases, 
however. l 

In 1930 Spurling? reported a case of true causalgia in 
peace time. A bootlegger sustained a gunshot wound of 
the brachial plexus which was dramatically cùred by 
cervicothoracic sympathetic ganglionectomy after several 
local procedures, including periarterial sympathectomy 
had failed. In 1935 Kwan?’ reported a similar case in a 
Chinese’ bandit. These isolated instances brought about 
a dramatic change in the management of this bizarre syn- 
drome whose pathogenesis remained obscure. 

Sympathetic block is still the most reliable diagnostic 
test. In early cases the relief obtained may last well be- 
yond the duration of the block and even be curative. Re- 
peated blocks should be performed until the pain is 
controlled. This method of treatment was employed in 
37% of our cases. In overly suggestive patients and 
those in whom the sympathetic block results are equiv- 
ocal a control block with normal saline is indicated. 
If relief from repeated sympathetic blocks becomes less 
effective or static and the initial response is dramatic but 
of short duration, surgical sympathectomy should be con- 
sidered. Cautious but early sympathectomy will prevent 
the occurrence of irreversible trophic changes as well as 
obviate the establishment of fixed pain patterns which 
may become refractory even to sympathectomy. 

If the benefits of standard sympathectomy yield less 
than desired results contralateral sympathectomy may be 
more efficacious than a more proximal thoracolumbar 
ganglioriectomy. This occasional cross-over sympathetic 
innervation and similar results have also been observed 
by others.?8 

Sympathectomy can be counted on to relieve the pain 
of most patients with true causalgia as well as the mimo- 
causalgia states, although there are a few exceptions. 
With atypical variants and patients not subjected to 
initial diagnostic sympathetic blocks this is not neces- 
sarily the case. A great deal of care and judgment must 
be taken in the selection of patients for operation and the 
surgeon must have a thorough knowledge of the other 
types of pain that may be encountered. 

Some isolated cases séem to respond to rhizotomy 
yet in others this has failed. Regardless of the peripheral 
mechanisms eliciting the pain the final pathway of 
pain should be the spino-thalamic tract. Section of the 
tract may be successful in cases refractory to sympathec- 
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tomy as demonstrated by Birkenfeld et al.7 and Craw- 
ford.1? Others may have a “fixation” at a higher integra- 
tive level and unfortunately no dependable diagnostic 
method has been devised to differeritiate those who will 
respond to treatment at a spinal cord or brain stem level 
from those who will not. It is hoped that by earlier rec- 
ognition of such cases, fewer and fewer patients will 
have to be subjected to these procedures. 


+ 


Summary and Conclusions 

_ Anew classification with a new term, “mimo-causalgia,” 
has been introduced in an effort to standardize the nomen- 
clature related to post-traumatic pain syndromes, It is an 
important entity and should be well known to most 
disciplines of medicine. Our concern is the early recogni- 
tion of patients whose complaints have a real organic basis 
but whose physical signs are not of sufficient degree to 
make ‘this fact apparent. These patients are often mis- 
understood and discredited. They are all too often mis- 
managed or neglected for sufficiently long periods as to 
permit the underlying pathologic physiology to secure 
supremacy over normal function. 
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DISCUSSION 


Dr. Harris B. SHUMACKER (Indianapolis): My experience with 
major causalgia is in excess of 100 cases, and my experience in 


what Dr. Thompson very cleverly calls minocausalgia is also. 


‘rather large. I am persuaded that in major causalgia the primary 
therapeutic modality is either transient or permanent sympathetic 
interruption. I am equally persuaded that in mimocausalgia one 
must give very great attention to active use of the injured limb 
and the control of edema, and I look upon sympathetic inter- 
ruption, either transient or permanent, as an adjuvant rather than 


the primary modality of management. 


I would certainly agree with Dr. Thompson that what we 


, really need to do is to get physicians to recognize these disorders 


as soon as they occur, and to institute proper treatment right 


_ away. The results then, I am pretty sure, would be about 100% 


effective. 


Da. Georce H. A. CLowes, Jr. (Boston): I simply want to ask 
Dr. Thompson about the role of sympathectomy in managing the 
*painful stump after amputation. It seems to me that, in addition 
to the matters that Dr. Shumacker has brought up, the successful 
management of the causalgia type of problem involves early 
treatment. In other words, if you allow them to establish a pain 
pattern, the problem deteriorates, and in a patient who has had 
an extraordinarily painful leg, shall we say, with ischemia, an 
amputation will frequently cause phantom pain and other diffi- 
culties of this sort. Recognizing this, we have undertaken to do a 
sympathectomy in a number of patients recently, at the time of 


_ such an amputation, and have been surprised at the good results 
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we have had in avoiding some of this pain problem before a 
neuroma or some complication of this sort develops. p” 

So that this is a complicated problem involving the cortex of 
the brain as well as the sympathetic nervous system, and I should 
be interested if he would make a remark or two on that. 


Dr. Jesse E. THompson (Closing): I would certainly agree 
with Dr. Shumacker that early use of the extremity is of the 
utmost importance, It has distressed me to see these patients— 
men at the age of 40 or 50 in the prime of life, who must work 
for a living—and find their hands to be in a ‘position of perma- .’ 
nent function because of stiffness of the joints. This has occurred 
because they have been immobilized for weeks to months and 
the diagnosis has not been made, although injury occurred 6 to 8 
months before. Although the pain can be relieved, many can 
never be rehabilitated. 

I would also say that sympathectomny is an adjunct in these 
patients, since only about half of ours required sympathectomy. 
Actually, a few did not even require sympathetic blocks, although 
this is one of the easiest ways to get them started on active 
motion. 

As for Dr. Clowes’ question, no patient in this series was 
treated because of amputation stump pain. I would simply have’ 
to agree with him that this is a very complicated problem, and I 
have always felt that this was more of a neuralgia, which could 
be handled by means of local injections, et cetera. The painful 
amputation stump is another problem, different from causalgia. 
I am very interested in his patients who have undergone sym- 
pathectomy, however, to find out how they are getting along. 
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sie MANAGEMENT Of esophageal perforation has im- 
proved significantly over the past 20 years. This 
has been achieved by earlier diagnosis, more effective 
supportive therapy and timely operative intervention. 
Nevertheless, the mortality rate for major injuries to the 
thoracic esophagus remains substantial, and the patients 
who survive often suffer prolonged morbidity. The pur- 
pose of this communication is to review 36 patients 
who had either acute esophageal perforation or non- 
neoplastic chronic esophageal fistulas. The majority of 
the perforations were instrumental in origin, but others 
were caused by knife or gunshot wounds, intraluminal 
foreign bodies, operative accident,’ postemetic “spon- 
taneous” perforation, or esophageal injury by trache- 
ostomy complications. 

Four patients with chronic esophageal fistula were 
operated upon successfully, Two had recurrent congeni- 


tal tracheoesophageal fistulas, one an inflammatory 


esophago-respiratory fistula and one a long-term trau- 
matic esophago-cutaneous fistula. 


Clinical Material 


The patients were categorized according to the etiology 
and the level of esophageal perforation (Fig. 1, Table 1). 
Signs and Symptoms. The diagnosis of esophageal 
perforation or rupture was usually suspected on the basis 


of the presenting signs and symptoms (Fig. 2). The fact 
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that these symptoms followed clinical events such as 
esophago-gastric instrumentation or severe vomiting, 
known to be associated with the risk of esophageal 
injury, was especially significant. 

Most (92%) of the patients with acute esophageal 
leakage experienced pain, and the majority (70%) had 
fever. Dysphagia was a prominent feature in some. Hy- 
drothorax, pneumomediastinum, and pneumothorax oc- 
curred variously in different patients. Leucocytosis was 
present in most patients with acute esophageal perfora- 
tion. Neck tenderness and crepitation occurred fre- 
quently in patients with injury to the cervical esophagus, 
but this feature was not prominent with injury to the 
thoracic esophagus. The endoscopist might or not have 
suspected esophageal injury at the end of the procedure. 
Lateral films of the neck to exclude sharp bony spurs on 
the anterior spine were not routinely available. 

If the perforation was large and not promptly diagnosed 
and treated, the patient often. presented not only with 
pain and dysphagia but also with a shock-like state. 

Diagnosis. The diagnosis of esophageal perforation 
was not difficult once it was suspected and this suspicion 
acted upon. Pain, dysphagia, fever and leucocytosis were 
usually present. Unfortunately, a review of the charts 
revealed a notable reluctance on the part of the 
endoscopist, in some cases, to admit to himself that 
esophageal injury existed and that prompt diagnosis and 
treatment were imperative. This attitude resulted in 
excessive delay and less than optimal results upon occa- 
sion. 
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Fic. 1. Instrumentation of the esophagus was the commonest 
cause of perforation. 


The suspected diagnosis of esophageal perforation was 
usually confirmed by roentgen studies. The plain film 
often showed mediastinal or cervical emphysema, per- 
haps with widening of the mediastinum, with or with- 
out pleural effusion and pneumothorax. Lateral views of 
the neck and mediastinum were frequently helpful. How- 
ever, the most definitive measure was an esophagogram, 
preferably with water-soluble contrast media. The site of 
perforation was thus readily identified in most cases, and 
esophagoscopy was not often employed as an aid in 
diagnosing esophageal perforation. 


_ Instrumental Perforation 


y 


The commonest cause of esophageal perforation was 
diagnostic or therapeutic instrumentation. It may be seen 
in Table 1 that there were four cases of endoscopic 
perforation of the cervical esophagus (one death, 25%) 
and 16 cases of instrumental perforation of the thoracic 
esophagus (two deaths, 17%). The higher mortality rate 
for perforation of the cervical esophagus is misleading, 
due to the fact that the one death occurred among only 


TABLE 1. Etiology of Esophageal Perforation in 36 Cases 
Etiology No. Cases 
Instrumentation 16 
* Endoscopic 11 
(Cervical 4) 
(Thoracic 7) 
Dilatation 5 
. External Trauma 6 
Boerhaave’s Post-Emetic “Spontaneous” 
Rupture 7 
Spontaneous Benign Fistula 5 
Foreign Body 2 
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four patients. In virtually all published series the mor- 
tality rate for cervical perforation was low, far lower 
than that for thoracic perforation, Injury occurred in some 
patients with a previously normal esophagus, but it was 
more likely to occur in patients whose esophagus was 
diseased, perhaps with benign or malignant stricture or 
achalasia. 

Once the diagnosis of esophageal perforation had been 
established on the basis of symptoms and roentgen 
studies, broad-spectrum antibiotic coverage was insti- 
tuted, a nasogastric tube was passed for continuous 
suction, oral intake was discontinued, intravenous fluid 
maintenance was begun, and nutritional support was 
provided to the extent possible. Operative intervention 
was determined on a variety of bases which included the 
level of injury, the apparent gravity of the injury 
(especially when the cervical esophagus was involved) 
and the probable duration of the injury. If the injury was 
no “older” than 72 hours, formal thoracotomy and, hope- 
fully, closure of the defect with sutures was favored. 
However, at times the edges of the esophageal defect 
were so friable that closure with sutures was not feasible. 
On the other hand, if the injury was several days old and 
the patient presented with pleural effusion, a closed 
thoracostomy tube was inserted for drainage in some pa- 
tients. In no patient did we resect the involved portion 
of the esophagus® with or without primary anastomosis; 
nor was the Thal operation’ or pericardial or lung 
coverage employed. 

To reemphasize, nutritional support? was considered 
to be of critical importance and the routes used included 
use of a nasogastric tube passed into the jejunum, gas- 
trostomy, jejunostomy, or intravenous alimentation. 
While gastrostomy might appear to represent a good 
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Fic. 2. Pain, fever and 
leucocytosis are present 
in the majority of esoph- 
ageal perforations (16 
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route for nutritional support, such feedings may reflux 
into the esophagus, producing still further intrathoracic 
contamination. 


Injury Due to External Trauma 


The patients who sustained esophageal injury due to 
external trauma often presented multiple additional in- 
juries and problems. In our series the external injury 
causes included knife or gunshot wounds, tracheostomy 
(injury at the operation, or late due to erosion by 
tracheostomy tube), pulmonary resection, vagotomy, 
and other intrathoracic procedures. Indeed, the esoph- 
agus may be perforated in a remarkably wide variety of 
situations. Often the esophageal injury represents only 
one of multiple injuries caused by either blunt or pene- 
trating trauma, but wherever possible the esophageal 
defect should be closed with sutures and the hemithorax 
drained with underwater seal. 

Esophageal fistulas associated with tracheostomy often 
terminate fatally. This is due, first, to the fact that the 
patient is often seriously ill to require a tracheostomy. 
Secondly, the tracheostomy may become infected by 
the saliva or other mechanisms, and saliva tends to 
enter the lungs even though the tracheostomy tube 
cuff is inflated. Thirdly, it is difficult to achieve closure 
of an esophageal fistula that complicates a tracheostomy, 
and the patient is likely to die eventually with pul- 
monary sepsis, at times further complicated by massive 
hemorrhage from erosion of the great vessels of the 
neck. | 


Intraluminal Foreign Bodies 


Two patients sustained perforation of the cervical 
esophagus by small bones. No operation other than endo- 
scopic removal of the bone was employed in one patient, 
whereas surgical drainage of the neck was required in 
the second patient. Both survived, with only moderate 
morbidity. 


Spontaneous Rupture of Esophagus 


Seven cases of spontaneous rupture due to vomiting 
were encountered. Three were successfully treated by 
thoracotomy and suture of the longitudinal laceration at 
the usual site just above the diaphragm on the left 
side. The involved mediastinum and left hemithorax were 
drained with tubes and underwater seal. Two other 
adult patients died before operation could be attempted 
and one patient survived without operation. Still another 
patient was a newborn infant, who survived without 
operation, and spontaneous perforation at birth has 
been reported by others.** The esophagus was easily 
sutured in the three patients so treated, and prompt 
operative intervention is strongly recommended, plus 
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vigorous supportive therapy before, during and after op- 
eration. 


Special Cases: Chronic Esophageal Fistulas 


Four patients had chronic acquired esophageal fistulas 
which were managed by operation. These were suff- 
ciently unusual that they are presented in separate brief 
case reports. 


Case Reports 


Case 1. Recurrent Congenital Tracheo-Esophageal Fistula With 
Operative Closure. Infant A. S. was admitted to University Hos- 
pital on 22 April 63. Since birth 2 days earlier he had “spit out” 
all feedings, and a diagnosis of tracheo-esophageal fistula had 
been established elsewhere with roentgenograms using contrast 
medium. At right thoracotomy the blind upper pouch was identi- 
fied, as was the distal segment of esophagus arising from the 
trachea. The usual Haight type of anastomosis was performed 
without difficulty, the chest was closed, and a feeding gastrostomy 
was performed. He was discharged from the hospital on 3 May 
63, after a barium swallow X-ray had disclosed an intact anas- 
tomosis without stenosis. He promptly gained weight and thrived. 
He was later studied for a urinary tract problem, but no esopha- 
geal problems arose until December of 1963 when he began to 
have a cough and frequent respiratory infections. It was found 
that he had developed an esophageal stricture and esophageal 
dilatations were initiated with much improvement. Gastrostomy 
was not re-established. The dilatations were continued until May 
of 1965, when at esophagoscopy the first author noted that, while 
there was no significant recurrent stenosis since the Jast previous 
dilatation on 26 February 65, a small, thin-walled fistula had 
developed anteriorly, and anesthetic gas was emerging through 
this defect. The fistula was about 1 cm. proximal to the old 
anastomosis. 

At right thoracotomy on 28 May 65 the fistula was exposed and 
divided. The esophagus was closed transversely and the trachea, | 
longitudinally. Available tissue was interposed between the 
esophagus and trachea to reinforce the suture lines and to pre- 
vent recurrence of the fistula. 

Thereafter the patient was followed for several years through 
his family physician, and no further difficulty was reported. 


Comment. Stenosis and even stricture of the esophageal 
suture line is not uncommon following repair of con- 
genital tracheo-esophageal fistula. However, recurrence 
of the fistula has occurred only twice in the senior 
authors experience. The repeated dilatations very likely 
contributed to recurrence of the fistula, though the last 
previous dilatation had been performed three months 
prior to discovery of the recurrent fistula. 


Case 2, Recurrent Congenital Tracheo-Esophageal Fistula With 
Operative Closure. J. W., age 48 hours, was transferred to Uni- 
versity Hospital on 25 November 62 with the established diag- 
nosis of congenital tracheo-esophageal fistula. At right thoracotomy 
the blind proximal esophageal pouch was freed up, the distal 
esophageal segment was separated from the trachea and the usual 
Haight repair was performed. There was some tension on the 
suture line, but the lumen was reasonably satisfactory on barium 
study prior to discharge (Fig. 3A). A gastrostomy was per- 
formed. 


y 
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Fic. 3A. Case 2. Esophagogram following repair of tracheo- 


esophageal fistula at birth. 


He gained weight and thrived and had no major difficulty until 
May of 1963. At that time esophagogram disclosed an esophageal 
stricture, and chest X-ray showed evidence of aspiration pneu- 
monitis. There also appeared to be a possible recurrence of the 
T-E fistula (Fig. 3B), which was later definitely confirmed 
radiologically. Dilatations were continued and it was hoped that 
the fistula might close. Unfortunately, attacks of aspiration 
pneumonitis became more frequent and severe, and on 29 June 
65 the right hemithorax was explored through the old incision 
with the purpose of closing the defect. The fistula was taken 
down, the trachea was sutured longitudinally, and available 
adjacent tissue was pulled over the suture line to prevent opposi- 
tion with the esophagus. Next, approximately two-thirds of the 
circumference of the esophageal stricture was excised, with 
transverse closure of the esophagus through healthy esophageal 
tissue (Fig. 4A). This gave a good lumen (Fig. 4B) and the 
patient did well postoperatively. 

Over the years since the second operation the patient has grown 
normally, and is a well developed and well-adjusted ten-year-old 
schoolboy. He has had occasional dilatations, which he has 
tolerated readily. He takes a normal diet. 


Comment. This case constituted the only other in- 
stance of late recurrence of a congenital tracheo-esoph- 
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Fic. 3B. Recurrence of the fistula just distal to stricture. 


ageal fistula that had been closed at birth in our hospital. 
Again, the need for repeated dilatation may have con- 
tributed to recurrence of the fistula. However, in this 
case the dilatations had not adequately relieved the 
stricture, and the second operation offered the oppor- 
tunity for resection of the stricture with transverse repair 
of the esophagus, which organ was now much larger 
than at birth and permitted a considerably larger lumen. 
The repeated episodes of pulmonary aspiration and 
pneumonitis, secondary to the esophageal stenosis which 
existed preoperatively, were abolished. 


Case 3. Chronic (Instrumental) Esophago-Cutaneous Fistula 
With Repair. B. K., a 52-year-old housewife, was tranferred to 
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Fic. 4A. Case 2. Operative technic used in correcting recurrent 
fistula. : 
kd 





Fic. 4B. Esophagogram following repair of recurrent fistula and 
excision of two-thirds circumference of esophageal stricture. 


University Hospital on 8 June 72 with a right mid-thoracic 
esophago-cutaneous fistula. It had followed posterior extrapleural 
surgical drainage of an instrumental perforation of the esophagus 
at another hospital almost 10 months previously. The original 
endoscopy had been performed in an effort to diagnose the cause 
of dysphagia. Gastrostomy feeding had been only partially suc- 
cessful because most of the feeding refluxed into the esophagus 
and exited through the fistula (Fig. 5A). Her general condition 
had finally stabilized, but at a very debilitated level. 

Repeat barium study showed an esophageal-cutaneous fistula 
posteriorly. She swallowed the medium without particular dif- 
ficulty. Repeat endoscopy under topical anesthesia revealed noth- 
ing remarkable except the site of the fistula. Since the fistula had 
not closed in 10 months, operative intervention was selected. 

At right thoracotomy on 14 June 72 the fistula tract was fol- 
lowed readily to the esophagus, by virtue of the fact that a Kelly 
hemostat had been passed down it from the outside. The esopha- 
gus was identified above and below the diseased area, and tapes 
passed around it. It was then opened at the fistulous site, the 
margins were debrided until good bleeding occurred, and the 
defect was then closed. An inner mucosal row of 0000 silk in- 
verting sutures was followed by an outer row approximating the 
muscle layers. A tube drain was placed near the esophageal 
closure, brought out in extrapleural fashion, and placed beneath 
a water seal. 

. The esophagus healed promptly and on 21 June 72 there was 
no leakage on esophagogram (Fig. 5B). However, on this im- 
proved study, made when the contrast medium no longer exited 
immediately through the previously existing large fistula, it was 
noted that there might be some pathology in the region of the 
larynx and upper esophagus, though specific pathology could not 
be delineated. There was also reverse peristalsis in the lower 
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esophagus, which was interpreted as perhaps a reasonable ex- 
planation for the dysphagia which had prompted the initial 
endoscopy 10 months earlier. She was allowed to go home for 
further convalescence from the thoracotomy, to be reevaluated in 
2 or 3 weeks. 

Unfortunately, soon after arriving home she experienced 
cervical pain on swallowing and could not take an adequate 
nutritional intake. At readmission to UMC on 9 July 72 she had 
become hoarse, and vocal cord paralysis was discovered, cause 
undetermined. However, elective tracheostomy was performed 
and then, under general anesthesia and direct laryngoscopy, a 
laryngeal carcinoma with esophageal invasion was identified by 
biopsy and frozen section examination. Radiation therapy was 
initiated. 


Comment. This patient undoubtedly had a “hidden” 
laryngo-esophageal, deep-seated carcinoma when first 
examined in her community hospital, by an experienced 
endoscopist, 10 months prior to her admission to Univer- 
sity Hospital. However, the lesion was missed then and 
it was missed initially at the University Hospital, at 
which time she spoke normally and swallowed contrast 
medium effectively, though with some mild complaint 
of dysphagia. Even so, on the pre-discharge esophago- 
gram, performed to document satisfactory healing of 
the surgically closed esophageal defect, the radiologist 
did raise the possibility of pathologic change just at the 
laryngo-esophageal junctional level. The fact that ab- 
normal retrograde lower esophageal contractions were 
described served to confuse the issue. 

In sum, however, the esophago-cutaneous fistula, pres- 
ent for 10 months, was readily closed surgically. The 
diagnosis of invasive laryngo-esophageal carcinoma, 
while not apparent in her community hospital or on our 
first examination, was established approximately a month 
later. 


Case 4. Acquired (Inflammatory) Broncho-Esophageal Fistula 
With Operative Closure. M. R., a 50-year-old black woman, was 


Fic. 5A. Case 3. Esoph- 
ago-cutaneous fistula 32 


weeks after perforation. . 
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Fic. 5B. Esophagogram 
a few days following 
closure of fistula. 





admitted to University Hospital on 27 October 61 with a recently 
re-demonstrated broncho-esophageal fistula. Her family physician 
included the following sentence in his letter of referral: “She 
has been under the impression left by the last physician who 
examined here radiologically in 1953 that she had a carcinoma 
and as a consequence has been waiting to die.” 

The recent 1961 films clearly delineated the fistula (Fig. 
6A), which her present radiologist correctly interpreted as a 
non-neoplastic lesion. Esophagoscopy and bronchoscopy were 
performed on 30 October 61: “The right main stem bronchus 
was inflamed. Just proximal to the middle lobe bronchus along 
the posterior-lateral aspect at approximately 4 o’clock, a fistulous 
opening was identified, which measured approximately 4 mm, in 
diameter.” The fistula was similarly identified in the esophagus, 
which was friable at this site. A biopsy was taken at a level 
just above the fistula, which produced considerable bleeding; and 
there was later evidence that the biopsy had produced a small 
perforation of the upper esophagus, in addition to the chronic 
broncho-esophageal fistula. 

On 15 November 61 a right posterolateral thoracotomy incision 
was used to identify and expose the esophagus and the right 
mainstem bronchus. The exposure was facilitated by identifying 
the esophagus above and below the fistula by palpating the 
nasogastric tube in its lumen. The 1 cm. communication between 
the esophagus and the right main bronchus was then divided, and 
the bronchus closed longitudinally with silk sutures. Actually, 
there was remarkable little reaction around the fistula, which 
was known to have existed for at least 8 years. The esophagus 
was then closed in two layers, the mucosa being inverted with 
000 silk with the knots tied inside the Jumen and the muscle 
layers approximated with similar sutures, tied outside. Pleura 
and other available tissues were then interposed between the 
esophageal and the bronchial suture lines. The chest was drained. 

The postoperative course was relatively uneventful, but there 
was a small esophageal leak (Fig. 6B) near the upper end of the 
suture line which, being well drained, closed without serious dif- 
ficulty. It was not certain whether this represented a fistula at the 
proximal end of the suture line, or whether it resulted from the 
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preoperative esophageal biopsy which had been followed by 
hemorrhage. 

The last follow-up X-rays available were performed on 16 
November 70 in her community hospital. The esophagus was 
normal. She still had the duodenal bulb scarring which had been 
noted in 1961, there was a small esophageal hiatal hernia, but 
no pulmonary changes were noted. 


Comment. This case deserves comment for a number of 
reasons. First, the socio-economic-medical conditions 
which existed in the rural Delta area of Mississippi in 
1953 have improved enormously over the past 20 years. 
Specialist groups are available within a short drive in 
all areas of the state, and most radiology is now per- 
formed by trained personnel. Unfortunately, this lady 
spent a miserable 8 years, from 1953 until 1961, laboring 
under the erroneous diagnostic impression that she had 
a malignant esophago-respiratory fistula. However, when 
she was reexamined in 1961 by a trained radiologist who 
had located in her community, the benign nature of 
the lesion was immediately recognized and she was 
sent to the new University Hospital for surgical closure. 

Secondly, the endoscopist at University Hospital was 
a bit too energetic in biopsying the inflamed and friable 
esophagus above the fistula, and subsequent events sug- 
gested that it had been perforated by the biopsy, though 
fortunately the cervical defect closed. 

Thirdly, it proved to be a relatively simple operation 
to divide the thoracic broncho-esophageal fistula, and 
the patient was rehabilitated in a gratifying manner. 


Discussion 


Etiology. It has been seen that endoscopy causes the 
greatest number of esophageal perforations.’ Dilatation 


Fic. 6A. Case 4. Esoph- 
ago-bronchial fistula. 
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Fic. 6B. Esophagogram a few days after operative closure. Third 
is a small leak along the drain site, which closed (see text). 


of strictures produces another major segment. Following 
these, spontaneous rupture due to vomiting, intralumi- 
nal foreign bodies, penetrating and blunt trauma”? and 
numerous other agents contribute additional cases. 

The major opportunity for prevention lies in the more 
safe use of instrumentation. Significant perforation of the 
thoracic esophagus is such a serious complication that 
all precautions should be employed. The experienced en- 
doscopist will use the esophagoscope with gentleness, 
adequate sedation of the patient, advancement of the 
instrument under direct vision; examine films of neck pre- 
operatively for spurs (though we confess we do not al- 
ways do so) and desist if the patient cannot relax suffi- 
ciently to permit examination. Smith and Tanner”? noted 
that both the skill of the examiner and the duration of the 
examination appeared to be important as regards the in- 
cidence of endoscopic perforation. Somewhat surprisingly, 
they found that the use of general anesthesia did not 
reduce the incidence of perforation, as compared to topi- 
cal anesthesia. Difficulty with the examination was cited 
as an important factor in some clinics, but this had not 
appeared to be a factor in their series. Predisposing factors 
are esophagitis and malignant tumors, 

We consider esophagoscopy and gastroscopy to be 
potentially dangerous procedures, though they need not 
be so. The senior author has almost never perforated the 
esophagus, though a considerable degree of good for- 
tune must be acknowledged, especially where dilatation 
of strictures was concerned. The reasons for this are 
great respect for esophageal injury, caution in passing 
instruments, postponement of the examination if patient 
cooperation cannot be achieved, passage of the esoph- 
agoscope over an in-lying nasogastric tube if the esoph- 
ageal opening is hard to identify, great care in taking 
biopsies of esophageal malignancies, and still other pre- 
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cautions. Few experiences are more sobering than to 
manage a patient who is desperately ill from esophageal 
leakage, following what was to have been a routine 
endoscopic examination of the esophagus or stomach. 
More general use of the superb new flexible fiberoptic 
instruments may further reduce the risk of endoscopic 
perforation. The incidence of instrumental perforation 
was recorded by Wychulis, Fontana and Payne?’ as 0.4% 
in gastrointestinal endoscopic procedures performed at 
the Mayo Clinic. 

Diagnosis. The diagnosis of esophageal perforation, 
when suspected, can usually be established with ap- 
propriate roentgenogram and contrast medium. The major 
opportunity for improved management lies in more 
prompt diagnosis in patients whose symptoms suggest 
perforation, for operative closure will be far more success- 
ful when performed early than when performed late. 

Management of Instrumental Perforation. There has 
appeared to be a considerable divergence of opinion 
as to the optimal management of esophageal perforation.® 
While most writers recommend thoracotomy as soon as 
diagnosis is established, Mengoli and Klassen!® have 
noted their conservative position by reporting the cases 
of 21 patients, 18 of whom were treated without opera- 
tion with only one death, in a patient who had wide- 
spread carcinoma. They employed thoracostomy tube 
drainage, 10,000,000 units of penicillin and one gram of 
streptomycin daily, and nasogastric tube suction. Three 
patients had early operation, two having closure of the 
perforation and one having drainage of a mediastinal 
abscess. One of the three surgically treated patients 
died, an 83-year-old man who had been operated upon 
3 days after perforation occurred. Hospitalization ranged 
from 7 to 65 days, with an average of 18 days. Inciden- 
tally, they noted that perforation in the presence of 
malignant tumor had a better prognosis than is generally 
recognized: five of six such patients had recovered. 

As frequently happens, the facts are that most ex- 
perienced thoracic surgeons individualize treatment, and 
in a given set of clinical circumstances, or in a given 
patient, there would probably be considerable agree- 
ment on management. Perforation of the cervical esoph- 
agus is associated with a low mortality rate and minor 
perforations are commonly treated successfully with 
non-operative measures, though surgical drainage of 
cervical or upper mediastinal abscess will occasionally 
be required. Intrathoracic esophageal perforations, in con- ¢ 
trast, are always serious and potentially lethal. It is in 
this group that major differences are to be found. Since 
the results of treatment here are as yet frequently dis- 
appointing, it is not surprising that a variety of opera- 
tive technics have been employed. These range from 
simple drainage to formal suture of the perforation 
plus drainage,*""*-1"*! to resection of the perforated 
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segment,® to division of the esophagus with exclusion of 
the perforated segment,®!° to repair of the defect with a 
flap of stomach*! or other maneuvers. 


The management of spontaneous rupture of the 


esophagus has been dealt with by us in a previous com- 


munication,” and by numerous others. 
The probability for success in the operative closure of 
chronic esophago-respiratory or 


1,4,11,12,14,15,18,20 


esophago-cutancous 


fistulas has been emphasized by the case reports pre- 
sented herein. 


bo 


Summary and Conclusions 


. Esophageal perforations and fistulas are associated with 


substantial morbidity and mortality rates. Injury to 
the thoracic esophagus is far more serious than 
injury to the cervical esophagus. 


. Thirty-six patients who had esophageal perforation 


or non-neoplastic chronic fistulas have been reviewed. 
Instrumentation accounted for 16 perforations, exter- 
nal trauma 6, Boerhaave’s post-emetic rupture 7, and 
miscellaneous other causes the remainder of the acute 
perforations. 


. Patients who had sustained acute esophageal per- 


foration almost invariably had pain and usually ex- 
hibited fever and leucocytosis. Plain PA and lateral 
neck and chest films were often helpful, but definitive 
diagnosis with demonstration of the site of perfora- 
tion was usually achieved by esophagogram with 
water-soluble contrast medium. 


. Treatment ranged from non-invasive management 


in minor perforation of the cervical esophagus, to 
formal thoracotomy and suture closure of perforation 
of the thoracic esophagus. There were three deaths 
in 16 patients who sustained instrumental perfora- 
tion. 


. Four patients with chronic fistulas, three with esoph- 


ago-respiratory and one with esophago-cutaneous 
fistula, were operated upon and the defect closed. Two 
were children with recurrent congenital trachco- 
esophageal fistulas that had been closed at birth. 


. Three of seven patients with spontaneous rupture of 


the esophagus underwent operative closure and sur- 
vived. Two died before operation could be per- 
formed. The remaining two, one of whom was an 
infant, survived without operative closure. 


. The hazards of esophago-gastric endoscopy are real. 


However, it is hoped that with the new fiberoptic 
instruments, increased experience on the part of the 
operator, prompt diagnosis of injury, appropriate sur- 
gical treatment, and vigorous supportive manage- 
ment the incidence and mortality rates due to esoph- 
ageal perforation can be reduced. 
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DISCUSSION 


Dr. Jonn H. Foster (Nashville): Some years ago, in the early 
1960’s, John Sawyers and I had the privilege of reviewing 
esophageal perforations at Vanderbilt with Dr. Rollin Daniel, and 
presented them before this Association. The findings were very 
much the same then as presented today; most of perforations 
were due to instrumentation. But as Dr. Hardy indicated, with 
the fiberoptic scopes used today, we are doing more endoscopic 
examinations, I think, than ever before; and yet we are rarely 
seeing esophageal perforation. 

It was always of interest to me how the endoscopist, using the 
rigid metal scopes, did not recognize the fact that he had injured 
the esophagus. The most interesting case in our series was one 
in which the scope exited from the esophagus in the cervical 
region, went down the mediastinum and into the abdomen through 
the esophageal hiatus. 

A couple of years ago, shortly after we published our paper, 
one was published in the JAMA advocating conservative ther- 
apy—nonoperative—for instrumental perforation of the esophagus. 
I have not heard any more of that report recently, but it cer- 
tainly goes against everything I believe, and I am sure Dr. Hardy 
is in agreement. 

One final thing I would say is that, in some of the horrendous 
perforations, especially of the spontaneous perforations, drainage 
is the absolute essential mode of management. If you can close 
the perforation, fine; but drainage is the real key factor. With 
total parenteral alimentation today, I believe it will be possible 
to manage these patients much more successfully. 


Dr. FrepericK H. TAYLOR (Charlotte): I would certainly agree 
that the flexible esophagoscope is a much safer instrument, as 
far as perforation is concerned. At times we must use the rigid 
scope, and the preoperative insertion of a nasogastric tube seems 
to protect the posterior wall of the cervical esophagus from injury. 

When instrumental perforation of the esophagus does occur, an 
immediate diagnosis is sometimes possible, and this enables not 
only repair and drainage of the injury, but also simultaneous 
correction of the underlying disease. 

In two patients with hiatal hernia in whom the diagnosis of 
instrumental perforation was made immediately, the perforations 
were repaired, and the hernias corrected without complication. 
In two other patients with chronic esophageal strictures, in whom 
perforation had occurred as a result of dilatation, both were seen 
by us within 2 hours, and underwent resections of the lower 
esophagus, esophagogastric anastomosis, and pyloroplasty. 

[Slide] This was a chronic stricture from an old lye burne 
with perforation, which was diagnosed within 2 hours after the 
injury. 

Slide] This is the specimen of the stricture, the location of 
the perforation. 

One other point I would like to make: Having successfully 
defended a malpractice suit following instrumental perforation 
of the esophagus, I am well aware of the legal complications of 
this problem. The matter of informed consent is becoming in- 
creasingly important in malpractice suits. 
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[Slide] I hasten to add that this series is not a personal one 
but it is gathered from the literature. I am sure no one tells a 
patient of all these possibilities, but I would like to ask Dr. Hardy 
one question: What do you tell a patient when obtaining per- 
mission for esophagoscopy? 


Dr. Jonn B. Biatocx (New Orleans): I would like to make 
two comments. The first is to cite an instance of a broncho- 
esophageal fistula due to a broncholith. The patient had coughed 
up a broncholith. The opening of the fistula was visualized by 
bronchoscopy and by esophagoscopy. This was demonstrated by a 
Dionosil swallow, with the outlining of the left lobe of the 
bronchus [slide]. 

[Slide] This is the operation from the right side with one probe 
in the left main stem bronchus, the other in the esophagus, and 
they were repaired as Dr. Hardy did in his patient. 

My next comment is that in five instances at Ochsner Clinic 
we have successfully performed a definitive procedure at the time 
of operation for an instrumental perforation of the esophagus. 
Four of these were resections of either a carcinoma or a stricture, 
and the fifth was in a case of achalasia. In the latter patient the 
esophagus had been ruptured by the Mosher dilator. This is 
viewed from the left side [slide]. Dr. William McKinnon of our 
department repaired the esophagus, and proceeded to perform 
the Heller procedure on the opposite side of the esophagus. 

[Slide] The view on your right shows the satisfactory post- 
operative result. 

We feel that when a subsequent operation is inevitable, it may 
well be possible to perform this operation at the time of opera- 
tion for perforation. 


Dr. RoserT P. McBurney (Memphis): I would like to mention 
cervicoesophagotomy, a procedure which I think is quite useful 
in these instances: a large perforation with much sepsis or in the 
case which is late, and comes to you with draining empyema 
and fistulas, in which it is difficult or unwise to dive right in and 
start working on the perforation. This was brought to my atten- 
tion about 15 years ago, when I had occasion to see a patient on 
charity service at Baptist Hospital in Memphis. When I assumed 
charge of the service, this patient had been operated on twice 
for attempted closure of a traumatic perforation of the esophagus 
with tracheoesophageal fistula. Both procedures had failed, had 
broken down, and this young man, who was just 19, had been 
reduced to the nutritional status of a person who appeared to 
have been in one of Hitlers concentration camps. It looked as 
though death was about to occur. 

First, we performed a cervicoesophagotomy, completely by- 
passing the esophageal secretions. I think this is helpful in many 
cases, because often by just putting a nasogastric tube down into 
the esophagus it does not really completely eliminate the supply 
of drainage and other material out through the fistula. This pro- 
cedure plus gastrostomy turned this boy around, and then at a 
later date we were able to do an esophagocologastrostomy, con- 
structing a new esophagus for him. I felt that this would probably 
be better than making a third attempt to operate in the area of 
the tracheoesophageal fistula. 
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He made an excellent recovery, and I commend this to you as 
a procedure which may be useful in a difficult instance, or in 
the patient in whom the perforation is massive. This procedure 
has been described also in the literature by others, and I think it 
may be compared in some respects to the usefulness of a colostomy 
when one is dealing with a perforation of the colon. 


Dr. GeorcE L. Jorpan, Jr. (Houston): I would like to limit 
my comments to one special problem, namely, perforations of the 
lower end of the esophagus. 

We have been concerned from time to time about traumatic 
perforations right at the esophago-gastric junction. This produces 
not only an injury of the esophagus, but also there is destruction 
of competence at the esophago-gastric junction, so that gastric 
reflux does occur, 

We have recently repaired two of these injuries by a modifica- 
tion of the Thal procedure, in which the cardia of the stomach 
is used as a eh A which not only gives us secure closure, but 
guarantees adequate patency in this area. 

In addition, if one is concerned about the possibility of reflux, a 
wrap-around of the cardia of the stomach will give the same effect 
as the Nissen fundoplication to prevent reflux, and thus will add 
further security to the repair. 

We have found it a highly satisfactory procedure. 


Dr. Cuartes R. HATCHER, Jr. (Atlanta): At Emory in the 
past 20 years quite a number of patients have been seen with 
spontaneous perforations of the esophagus. When it became ap- 
parent that our primary closure procedures were not mately 
satisfactory, we developed the technic that I wish to mention as 
a procedure to consider for delayed cases of spontaneous perfora- 
tion and for certain patients such as alcoholics and others in 
poor nutritional status, in whom you anticipate poor healing. 

[Slide] Over this period there were 47 patients seen with 
Boerhaave syndrome, and we had the occasion to see a number 
after 24 hours. Of course, ideally, if you see the patients early, 
the definitive procedure of primary closure is indicated, but in 
the delayed patients who may constitute a major segment of the 
group, it is not wise to attempt a primary closure. 

[Slide] In that circumstance we have accepted a controlled 
fistula, and inserted a T-tube through the perforation, closing the 
perforation partially about the side-arm of the T-tube. We used 
a soft T-tube which can be brought away from the aorta and 
attached loosely to the diaphragm to prevent any problems with 
aortic erosion, and to lead this out posteriorly and laterally. 

We used a gastrostomy tube and a feed jejunostomy; we may or 
may not use a Levin tube through th T-tube into the stomach, 
but certainly a Levin tube should be used above the T-tube, if 
it is not placed this far. With all of these on suction, it is possible 
to limit the leakage through the fistula, and these patients have 
done surprisingly well. 
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This technic was used on ten occasions. Six of the patients are 
long-term survivors, and this was in a group with which we 
could not have satisfactory results prior to that time. 

[Slide] Of course, we do not manage our traumatic wounds of 
the esophagus in such a manner, but use more standard treat- 
ment. At Grady Hospital, Dr. Symbas and our other associates 
see quite a large number of traumatic esophageal injuries. We 
recently reviewed these, and had 12 in the cervical area, seven 
in the thoracic area, and three in the area discussed by Dr. Jordan. 
All of these were from gunshot wounds, with one exception. 

[Slide] The standard treatment there has been constant naso- 
gastric suction and suspension of all oral alimentation, fluid ther- 
apy as necessary, broad spectrum antibiotics, and early operation. 

[Slide] By use of that program it has been possible to salvage 
a significant number of these patients. Two of the 12 cervical in- 
juries were fatal. We lost more patients with thoracic injuries 
than we salvaged, but these were massive injuries associated with 
trauma to other organs, including the aorta. We were successful 
in salvaging the three patients with injuries at the esophagogastric 
junction. 

In summary, I think that injuries of the esophagus are difficult 
problems, and as has been mentioned, no one particular approach 
is applicable to all cases. I would commend to you the possible 
use of a T-tube for controlling a fistula as a way out of a 
situation in which you have extensive infection and necrosis about 
a spontaneous esophageal perforation. 


Dr. WittiaAM Tompkins (Closing): Dr. Foster, we have re- 
viewed your paper on esophageal perforations, and would agree 
that operative closure of the defect should be attempted, if at all 
possible. 

We appreciated Dr. Taylor’s remarks. As to his question as to 
what we tell a patient when obtaining permission for esophagos- 
copy, we tell the patient that it carries a definite risk of injury. 
We enumerate these possibilities, but we attempt to convince the 
patient that we will exercise all caution and care possible. 

Dr. Blalock, we want to thank you for showing your results 
of broncholith fistula. We have not had occasion to resect a 
fistula for this at the University or Veterans Hospital in Jackson. 

Dr. McBurney, we certainly believe that cervical esophagostomy 
can contribute significantly to the management of an esophageal 
fistula, 

Dr. Jordan, we have not used the Thal gastric patch, but we 
are gratified to learn of its success in this instance. 

Dr. Hatcher's series of Boerhaave’s spontaneous perforation is 
certainly impressive. We would like to thank him for his ingenious 
method of draining the esophageal fistula with a T-tube. We 
would agree that there are times when the perforated esophagus 
cannot be sutured successfully, and Dr. Hatcher's method could 
be useful. 


Open Thoracotomy in the Management of 


TOTAL OF 307 patients representing 376 sponta- 
A neous pneumothoraces seen at the Medical College 
of Virginia Hospitals were analyzed. Excluded from 
this study were all patients with known active pul- 
monary tuberculosis and pulmonary malignancy. The 
right lung was involved in 205 cases (54%) and the left 
lung in 165 cases (44%). Bilateral simultaneous spon- 
taneous pneumothorax was recorded in six patients 
2%),1°3 (Fig. 1). There were 245 males and 62 females, 
a ratio of 4 to 1 males. There were 208 white patients 
and 99 black patients, a ratio of 2 to 1 white (Fig. 2). 
The age distribution ranged from immediately after 
birth to 84 years of age.151820 The greatest majority of 
‘patients were seen between the ages of 11 and 60 
years (Fig. 3). 

No significant seasonal differences in distribution of 
cases was noted. There were 86 patients seen during 
January, February and March, 84 during April, May 
and June; 100 during July, August, and September; and 
106 during October, November and December. 

Eighty per cent of the patients were at restful oc- 
cupation when the spontaneous pneumothorax occurred. 
This varied from rest in bed shortly after awakening in 
the morning to non-strenuous employment. The re- 
maining 20% were engaged in some type of physical 
effort (Table 1). 

The percentage of pneumothorax present at the time 
of initial evaluation is always difficult to accurately 
record, but ranged from a minimal (5%), apical cap, to 
total collapse with tension. Twenty-three per cent had 
up to 25% collapse of the lung; 31% had between 25 
and 50%; 13% had between 50 and 75%; and 33% 
had between 75 and 100% collapse of the lung. 
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Medical attention was sought within 24 hours of onset 
of symptoms in 70% of the patients. Twenty per cent 
sought medical attention in less than 1 week; while 
10% sought medical attention up to 2 years after the 
apparent onset of their symptoms. 

The patients showed minimal systemic effects from 
the spontaneous pneumothorax. Seventy per cent of the 
patients had admission temperatures below 37.5 C.; 
21% had temperatures between 37.5 C. and 37.9 C.; 
6% had temperatures between 37.9 C. and 38.5 C. and 
only 3% had temperatures between 38.5 C. and 39 C. 
The admission pulse in 68% of the patients was be- 
low 90 per minute; 16% had a pulse between 90 and 
100 per minute; 6% had a pulse between 100 and 110 
per minute; and 6% had a pulse between 110 and 120 
per minute; only 4% had a pulse above 120 per minute. 
Dyspnea as a subjective symptom was seen in only 
58% of the patients. 

Previous ipsilateral pneumothorax was recorded in 
17% (52) of the cases. Thirty-four patients had previous 
single ipsilateral pneumothoraces; seven patients had 
two previous; seven patients had three previous; and four 
patients had four previous ipsilateral spontaneous pneu- 
mothoraces. Only 3% (9) of patients had single previ- 
ous contralateral spontaneous pneumothoraces, Two of 
these patients had had thoracotomy for their previous 
contralateral pneumothorax (Table 2). 

In this series of cases, only-14% (42) of patients had 
subsequent ipsilateral spontaneous pneumothoraces. 
Thirty-four had one; five had two; and three had three 
subsequent ipsilateral spontaneous pneumothoraces. 
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307 Patients with 376 Cases 
1953-1969 





Fic. 1. Distribution of 205 
spontaneous pneumotho- (54%) 
rax cases according to 
side affected. 
Bilateral Simultaneous 
6 (2%) 


Subsequent contralateral pneumothoraces were seen 
in 4% (12) of the patients. Nine had one subsequent 
contralateral pneumothoraces (Table 3). 

Analysis of the lung condition in those patients seen 
in the series revealed that 48% had emphysema*>-17 
with or without bleb formation on chest X-ray. Forty 
per cent had no known lung disease; 5% had long his- 
tories of asthma; 5% had healed pulmonary tubercu- 
losis; chronic bronchitis, mucovisicidosis, silicosis, hya- 
line membrane disease, post X-ray therapy to the neck 
collectively accounted for 2% of the cases involved in 
this study.*,%11 

A significant hydropneumothorax amounting to more 
than 500 cc. of fluid was seen in only 10% of this group 
of patients. A significant hemopneumothorax amount- 
ing to more than 500 cc. of blood was seen in only 3% 
of this group.1°!® Tension pneumothorax was evident 
in only 7% of patients. 

Treatment in this group of patients was divided into 
three approaches: (Table 4) 

I. Simple Observation (32 patients). All of these pa- 
tients had less than 10% pneumothorax, were without 
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Fic. 3. Distribution of spontaneous pneumothorax cases by age. 


symptoms, and had no evidence of increase in size of 
the pneumothorax.” Usually the onset of symptoms had 
occurred 24 to 48 hours prior to observation in the 
emergency ward. They usually had X-rays made at the 
time or shortly after onset which, when compared with 
films made 24 to 48 hours later, showed no increase in 
size, Under these circumstances, observation was car- 
ried out for a period of 24 hours in the hospital and then 
the patient was followed as an out-patient. Activity 
was restricted only to eliminate hard labor or heavy 
sports during the time the penumothorax was resolv- 
ing. No restriction of activity was imposed following 
complete re-expansion of the lung. 

II. Aspiration by Needle (19 patients). Patients who 
had less than 10% penumothorax, but were complain- 
ing of chest discomfort without dyspnea, had aspiration 
of the air. The aspiration was accomplished using a 
plastic needle and syringe. Following aspiration the 
plastic needle was removed. Although this approach 
was utilized in some 20 additional cases it failed and 
tube thoracostomy was necessary. 





TABLE 1. Activity of Patients at Moment of Onset of Spontaneous 
Pneumothorax. 
Rest 80% 
Sports 
Labor 
Coughing 
Straining at stool 
Asthmatic Attack 20% 
Yelling 
Singing 
Endotracheal Anesthesia 
Birth 
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TABLE 2. Summary of Previous Ipsilateral and Contralateral 
Pneumothoraces in This Series. 


Previous Ipsilateral Pneumothorax 


1 = 34 
2=7 
17% 
3=7 20% 
4=4 


Previous Contralateral Pneumothorax 
1 = 9 (2 surgical) 3% 


III. Thoracostomy Tube Drainage (225 patients). All 
patients not included in groups 1 and 2 had thoracos- 
tomy tubes inserted’*???6.27 and connected to under- 
water suction drainage. Initially intercostal drainage 
tubes were inserted into the anterior second intercostal 
space, mid-clavicular line, with enough tube inserted to 
reach the apex. Additional openings other than the end 
opening were made in the tube. The tube was sutured 
to the skin of the chest wall and kept in place for at 
least 3 days to increase inflammatory reaction and adhe- 
sion formation in hopes that this would help to reduce 
or prevent subsequent spontaneous pneumothoraces. 
During the latter part of the series the greatest majority 
of tubes have been placed in the 6th or 7th intercostal 
space, mid-axillary line, ascending from that point to the 
apex of the involved hemithorax. Cosmetically the lateral 
scar is better tolerated and from a therapeutic stand- 
point, more complete pleural involvement by adhesions 
from the chest tube are obtained. If any fluid is present 
in the pleural space, more adequate drainage is accom- 
plished from this site of tube insertion (Fig. 4). 

We have favored the insertion of a chest tube be- 
cause this has resulted in immediate lung re-expansion; 
shortened morbidity; more rapid return to normal ac- 
tivity; and pleural adhesions resulting from tube ir- 
ritation. Thoracostomy tubes are kept in place for 7 
days or less in 78% of the patients. Table 5 outlines the 
percentage of patients in this series requiring intuba- 
tion in terms of duration. 

Thoracostomy tube complications were infrequent. 
Nineteen tubes were reinserted because of poor posi- 
tion. Massive subcutaneous emphysema occurred in 
three patients, probably caused by insertion of the 
chest tube into an area of lung adhesion adjacent to the 


TABLE 3. Summary of Subsequent Ipsilateral and Contralateral 


Pueumothoraces in This Sertes. 


Subsequent Ipsilateral Pneumothorax 
1 = 34 
TE ham 
3 = 3 


Subsequent Contralateral Pneumothorax 


9 
1 ham 
2 


18% 


i 
2 
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TABLE 4. Methods of Therapy Used in This Series of Spontaneous 


Pneumothorax. 
1. Observation | 32 ( 9%) 
2. Aspiration 19 ( 5%) 
3. Tube Thoracostomy 325 (86%) 
Pneumoperitoneum 42 (13%) 
Thoracotomy 33 (10%) 


chest wall insertion site. Excessive pleural fluid occurred 
in two patients which did not appear related to intra- 
pleural or pulmonic disease. A small abscess occurred 
at the tube insertion site of one patient. Total paral- 
ysis of the left vocal cord occurred in one patient im- 
mediately after insertion of an anterior left intercostal 
drainage tube. Function of the left vocal cord never 
returned over a 3-year follow-up. Excessive bloody 
drainage amounting to 650 cc., but not requiring trans- 
fusion or thoracotomy, occurred in one patient. These 
were the only complications resulting from tube in- 
sertion for the management of this series of sponta- 
neous pneumothoraces. 

A. Therapeutic Pneumoperitoneum (42 patients). 
Any patient in whom there was not complete filling of 
a hemithorax after tube insertion and drainage was 
given a therapeutic pneumoperitoneum. (Fig. 5). If 
the patient has a persistent air leak beyond 36 to 48 
hours after insertion of a chest tube, and even though 
the lung fills the hemithorax, a therapeutic pneumo- 
peritoneum is used. Therapeutic penumoperitoneum 
was given by insertion of 1500 cc. of air into the left 
lower quadrant adacent to the umbilicus and far enough 
lateral so as not to injure the inferior epigastric artery. 
This resulted in elevation of the hemidiaphragms on 
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Fic. 4, Diagram of two 
different types of chest 
tube insertion for the 
management of spontane- 
ous pneumothorax. The 
seventh intercostal space, 
mid-axillary line, is pre- 
ferred. 
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TABLE 5. Duration of Tube Placement Required in Treatment. 
TSSEA 


1 Day 4% 
2 Days 20% 
3 Days 20% 
4 Days 14% +78% 
5 Days 8% 
6 Days 5% 
7 Days 1% 
8-14 Days 14% 
15-21 Days 5% 
22-50 Days a 





both sides. If the air leak continued beyond the next 
24 hours, an additional 1500 cc. of air was given for 
further elevation of the diaphragms (Fig. 6). 

It was our feeling that no patient should have open 
thoracotomy for spontaneous pneumothorax without the 
institition of a therapeutic pneumoperitoneum to aid in 
stopping the air leak. In many favorable instances, this 
procedure obviated the need for open thoracotomy for 
closure of a persistent air leak. No complications resulted 
from the use of a therapeutic pneumoperitoneum. 

If a patient continued to leak air following insertion 
of the therapeutic pneumoperitoneum, open thoracotomy 
should be considered between the 7th and 10th post-tube 
insertion days. Prior to consideration of open thoracot- 
omy the chest tube was always removed; the lung 
allowed to collapse; and a new tube was inserted into 
the area of lung collapse. This was done on the theory 
that certainly in some cases the tube itself may be 
responsible for a persistent leak due to its proximity to 
the actual leak. In actual practice leaks do stop after this 
maneuver. 

Thoracostomy tubes which remained beyond 14 days 
were in patients in whom thoracotomy was contrain- 
dicated because of systemic manifestations. Only 24% of 
the patients with chest tubes in place had evidence of 
temperature elevation above 37.9 C during the entire 
time the tubes were in place. 


B. Open Thoracotomy (33 patients ) 2513.14.21 Our in- 
dications for open thoractomy in the management of 
patients with spontaneous pneumothorax are: 


l. Massive air leak which prevents the lung from 
completely expanding to fill the space of its ap- 
propriate hemithorax after tube insertion. Under 
the circumstances of such a massive air leak and 
incomplete re-expansion of the lung, a second 
chest tube is inserted to augment air removal, 
and bronchoscopy is performed to be certain that 
there are no major endobronchial mucous plugs or 
pathologic changes to explain incomplete re-ex- 
pansion of the lung. If no remediable cause can be 
found for the incomplete expansion, immediate 
thoracotomy is recommended. 
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Fic. 5. Therapeutic pneu- 
moperitoneum., 
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2. An air leak which persists beyond 7 to 10 days 
after initial insertion of a chest tube in a patient in 
whom the lung fills its proper hemithorax. These 
patients all have received therapeutic pneumo- 
peritoneum and have had their chest tube position 
changed and a new tube inserted. 

3. Those patients in whom a third ipsilateral pneu- 
mothorax has occurred and in whom the first two 
pneumothoraces were properly treated. In such a 
patient a total right spontaneous pneumothorax 
occurred for the first time in November 1. 1959. 
Response to tube thoracostomy was prompt and 
complete. A second total pneumothorax occurred 
on November 7, 1959. Complete re-expansion of 
the right lung continued with reaction of pleural 
irritation. The patient underwent a second right 
spontaneous pneumothorax and one day later had 
a third right spontaneous pneumothorax. A chest 
tube was inserted in this patient for complete re- 
expansion of the lung and he underwent open 
thoracotomy. 

4. Those patients with a significant hemopneumo- 
thorax in which more than 1500 cc. of whole blood 
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Fic. 6A. Left spontaneous pneumothorax with a tube thora- 
costomy in place and the lung completely filling pleural space. 
However, air has persisted beyond 48 hours. B. Same case 48 
hours later with a 2500 cc therapeutic pneumoperitoneum. Note 
marked reduction in the size of both hemithoraces, thus com- 
pressing lung and making expiration more complete. Air leak 
stopped after additional 24 hours. ° 


is lost or where the lung is trapped by pleural 
peel and will not expand properly after chest 
tube insertion. Forty per cent of the patients with 
spontaneous hemopneumothorax required thor- 
acotomy because of excessive blood loss during 
the first 24 hours after admission to the hospital. 
The source of blood loss was found to be the chest- 
wall side of a torn adhesion. The adhesion un- 
doubtedly was torn as the lung dropped with the 
developing pneumothorax. 

At the time of thoracotomy for spontaneous pneu- 
mothorax we found that approximately one-third of the 
patients had tiny blebs at the apex of the upper lobe 
which were leaking and were the cause of the sponta- 
neous pneumothorax. (Fig. 7). The remaining portion of 
these lungs appeared normal grossly and felt normal 
to palpation. 

Approximately one-third of the patients had nu- 
merous tiny blebs throughout the entire lung on the 
surgically treated side and only one was leaking. 
Closure of multiple blebs was necessary and the lungs 
felt and appeared grossly to be over expanded with 
early changes of emphysema. 

The remaining one-third of those operated upon had 
large and many tiny pulmonary bullae. The massive 
ones were resected, the smaller ones were closed with 
atraumatic silk sutures. 

The age distribution in those patients requiring thor- 
acotomy was rather evenly distributed between the 
young and the elderly. No age group predominated. 





Fic. 7. About one-third of the surgically treated patients had tiny 
apieal blebs with otherwise normal feeling and appearing lung. 
e 
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Fic. 8A. All patients were done through a postero- -lateral approach 
using the fifth interspace and not remov ing a rib. 


At the time of thoracotomy we excised all large bul- 
lae. (Fig. SA & B). The multiple tiny blebs that were 
present were oversewn with interrupted atramumatic 
silk sutures; many had pedunculated bases and these 
were tied with silk. It was not necessary to carry out 
segmental resection lobectomy, or pneumonectomy in 
any of our operative cases. Following complete removal 
as possible of all significant bleb and bullae formation 
in the lung we removed the parietal pleura in order 
that the visceral pleura would adhere directly to the 
endothoracic fascia*!**> (Fig. 9). This resulted in ex- 
cellent adhesion formation over the entire lung surface. 
If the upper lung contained only tiny blebs as seen in 





Fic. 8B. Larger blebs are opened, excised, and visceral pleura 
reapproximate d. Smaller blebs tied at base or oversewn with 
atraumatic silk. 
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ethos ease cardium and diaphragm, was removed. Dr. Clagett and 





abe er q others have raised an objection to this procedure in 
Smee that subsequent thoracotomy would be most difficult 
because of the massive adhesions that are caused. Cer- 
tainly this bears consideration in the young patient, but 
is probably not objectionable for the patient more ad- 
vanced in vears. 

Eight of our surgically treated patients underwent 
partial hilar vagectomy. The vagus nerve was isolated 
above and below the hilum of the lung and all fibers 
going from it to the hilum of the lung were excised (Fig. 
O A da 10). This does not result in a complete vagectomy of 
\ MIAT — CORON ~: the lung because of the many fibers that cross in the 

‘Be: Ary adventitia of the vessels and in the structures around 
the bronchus. We saw no complications resulting from 
PEIN it. However, objective evaluation of benefit from it 
W LUNG SUTURED \ has been difficult to establish. 

At the time of closure large drainage tubes are placed 
anteriorly and posteriorly from the bottom of the he- 
mithorax to the top in order that all compartments are 
drained completely and continuously (Fig. 11). 

Only four complications occurred after thoracotomy 
for spontaneous pneumothorax. One patient had an 
empyema which cleared with continued closed drain- 
age and no other management was necessary. One pa- 
tient had excessive bleeding because of the parietal 
pleurectomy and required re-exploration. One patient 
had a prolonged air leak lasting over 21 days before 
the chest tube could be removed. One patient had a 
cardiac arrest in the recovery room, was resuscitated, 
and survived without sequelae. 
et In those individuals who could not tolerate thoracot- 
Ji omy, pleural adhesions were stimulated by several 

# 







Fic. 9. Bulla removed and visceral pleura approximated. The 
operator is beginning removal of the parietal pleura. 


Figure 7 then only the upper half of the parietal pleura 
was excised. If most of the lung was involved, then the 


entire parietal pleura, except that area over the peri- 
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Fic. 11. View of open thoracotomy with bulla removed and chest 
Fic. 10. Posterior hilar exposure for partial vagectomy of hilum. drainage in place. : 
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methods. We used varidase; blood; blood and varidase; 
50% glucose; and diacetyl phosphate. No method ap- 
peared greatly superior over the other. However, dia- 
cetyl phosphate caused such severe pain that it is con- 
traindicated. That method used most in our series has 
been 500 ce. of the patient’s own blood followed in 24 
hours by varidase and continued tube drainage. 


Summary 


Spontaneous pneumothorax is the sudden collapse of 
a lung usually caused by air leaking from a subvisceral 
pleüral bleb. Response to tube thoracostomy, needle 
aspiration and simple observation is usually prompt and 
effective. Therapeutic pneumoperitoneum helps to stop 
ait leaks in the more persistent cases. Open thoracotomy 
was necessary in the management of only 9% of the pa- 
tients in this series. 
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when we decided to operate we discovered that he was a 
Jehovah’s Witness. He signed the necessary papers to try to ab- 
solve us from any danger as far as blood loss, but it was a little 
harrowing. 


Dr. Francis H. Core (Memphis): I thoroughly enjoyed this 
beautiful discussion of Dr. Bracks Our experience encompasses 
not quite so many patients, but approximateley the same distribu- | 
tion of necessary thoracotomy; about 10%, in our experience, 
have required open thoractomy. 

I find almost nothing to disagree with in this paper, except 
that in our hands we operate on the second pneumothorax in the 
patient who has had one on the other side. We also have 
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abandoned pleurectomy because of a little experience with some 
excessive bleeding. In 30 patients in whom the blebs were re- 
moved only, with repleuralization of the lung, and with some 
roughening up of the parietal pleura with sponges, we have not 
had a single documented recurrence; so I am not certain that 
pleurectomy is necessary. 


Dr. Hmary H. Timms (Detroit): Several years ago, I had 
the opportunity to review the experience at the National Naval 
Medical Center with regard to spontaneous pneumothorax, and 
although this dealt with a selected population in which ante- 
cedent pulmonary disease or diffuse obstructive pulmonary disease 
are absent, it left me with certain impressions a of which 
I advocate a more aggressive approach to this disease. 

First of all, in the younger age group, the disease has a marked 
tendency to recur, and each additional recurrence anticipates the 
next, so that after one episode, about 55% can be expected to 
return; after two, about 75%, and so on. 

Secondly, with each additional recurrence, I have the impres- 
sion, both from my own experience and reviewing that of len 
that it is more difficult to achieve complete and prompt expansion, 
and this is the crux of treatment with a chest tube, early and 
prompt expansion. If this is not achieved, the chest tube must be 
changed to another modality to effect complete expansion: 

Consequently, since the operative risk is low and is usualy 
limited to resection of the apex and pleural abrasion, sometimes 
supplemented with poudrage, I recommend that this procedure 
be performed after the second known episode of pneumothorax 
on the same side; after the first pneumothorax, if apical blebs can 
be seen on X-ray, after a single episode of bilateral pneumothorax; 
or if there is some threatening complication, such as significant 
hemothorax or tension pneumothorax. 


Dr. Crarence S. Wetpon (St. Louis): I wish to remind you 
of a rather curious disease; namely, catamenial pneumothorax. 
Spontaneous pneumothorax is less common in women than it is in 
men. There is, however, this form of the disease which occurs 
only in women. The pneumothoraces are recurrent and correspond 
in time precisely with the menses. 

Because I wrote about this subject once, J think that many of 
the people who encounter it tell me about it sooner or later, and 
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I am now aware of about a dozen cases. Among these cases, there 
are at least eight in which a perforation of the diaphragm has 
been recognized, and furthermore, in the other cases, it had not 
been looked for. 

This raises the even more curious probability that the route 
of air into the pleural space is through the female genital tract. 
I think that this is an indication for the operative management 
of recurrent spontaneous pneumothorax, but it is most important 
to inspect and repair the diaphragm. The perforations are always 
on the right side and are usually in the form of small holes in the 
dome of the diaphragm. They are probably burned there by 
endometriosis on the abdominal side. 

The other comment that I would like to make is that the use 
of the stapler makes life a lot easier whenever you resect blebs, 
and is greatly to be preferred to oversewing them. 


Dr. James W. Brooxs (Closing): I use plastic tubes for the 
drainage of spontaneous pneumothoraces, primarily because of 
the greater internal lumen per size of the chest tube. I have not 
recognized any case where the tube itself seemed to prevent re- 
expansion of the lung. However, it seems possible that in a small 
percentage of cases the tube is so Pa as to approximate 
the air leak site and thus tend to keep it open. 

After the experience that we have had, Dr. Timmis, we will 
continue to manage the patients the way that I outlined, because 
we have not seen the massive tendency to recurrence that you 
report. 

Dr. Weldon, I have not seen a patient with recurrent spon- 
taneous pneumothoraces at the time of her menstrual cycle. I 
certainly agree with you that this is an indication for thoracotomy 
to prevent recurrence, We have had one female patient with a 
spontaneous pneumothorax because of ruptured blebs, who con- 
tinued to leak despite good re-expansion of the lung and good 
tube drainage. We instituted therapeutic pneumoperitoneum on 
repeated occasions, and we never were able to show any evidence 
of air in the peritoneal space by X-ray. We thought that we were 
possibly injecting into the bowel, and she was expelling it.. At 
thoracotomy she had the problem that you relate to, perforations 
in the right diaphragm, of a congenital nature, and all the air 
injected at the time of pneumoperitoneum went into the chest 
through those openings and out through the chest tube. 


Respiratory Distress from Patent Ductus Arteriosus in the 


Premature Newborn 


BRENT L. HORSLEY, DAVID B. LERBERG, ALEXANDER C. ALLEN, 


racNosis of a patent ductus arteriosus (PDA) has 
D become progressively easier and more certain 
since Gibson first described the clinical condition in 
1900,* and surgical treatment has become simpler and 
safer since the first successful ligation by Gross in 1938.° 
Operation is now routinely successful, and interruption 
of a PDA may even be an intermediate step in the care 
of another complicated condition. This report concerns 
such surgical treatment. 

That closure of the ductus arteriosus may be delayed 
in premature infants was recognized by Burnard’ and 
confirmed by others, notably Rudolph and associates.** 
In the respiratory distress syndrome (RDS) which is 
seen predominantly in premature infants there is a fur- 
ther increased frequency of delayed closure of the ductus 
arteriosus.3:7.8.9.12.18 Whether the left to right shunt 
through the PDA is a factor in the etiology of RDS is 
not clear, but non-operative treatment of the circulatory 
component of RDS is often beneficial. Powell in 1963° 
reported successful ligation of a PDA after 5 months of 
non-operative management of RDS, and others™:®? have 
since. reported relief of RDS by operation in carefully 
selected patients. 


Thirteen premature infants with the RDS and PDA ° 


have been treated at the University Health Center of 
Pittsburgh between 1969 and 1972. This report de- 
scribes our approach to their diagnosis and manage- 
ment. 


Material 
Gestational age of the 13 infants ranged from 24 to 
35 weeks (median 29). Birth weight ranged from 840 
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to 2300 GM. (median 1040). Seven infants were male 
and six female. 

All 13 patients were seen initially in the premature 
nursery at Magee-Womens Hospital and transferred 
to Children’s Hospital of Pittsburgh for catheterization 
and operation. Only one patient was operated on with- 
out catheterization. Of the 12 who underwent cardiac 
catheterization, eight were operated on. Of the four 
patients catheterized but not operated on, three were 
thought to be candidates for ductal interruption but 
improved significantly in the hours immediately fol- 
lowing catheterization, One infant had a PDA which 
was thought to be too small to warrant ligation. This 
patient required prolonged ventilatory assistance and 
died of severe pulmonary fibrosis 19 weeks following 
his cardiac catheterization. A summary of the preop- 
erative data on each of these patients comprises Table 1. 


Diagnosis 

Respiratory distress occurred in all 13 patients and 
was present from birth in nine. Apneic episodes asso- 
ciated with bradycardia, hypoxemia and acidosis re- 
quired “bagging” with oxygen in all infants prior to 
operation. The best index of the severity of respira- * 
tory distress was the arterial Paco. which ranged as high 
as 150 torr. All but one patient had a Paco, higher than 
80 torr prior to operation. pH values less than 7.23 were. 
found in all 13 patients and were recorded as low as 6.69. 
Hypoxemia was also present in all infants. All had 
Paos values less than 40 torr, one patient having a Pao, 
of 12 torr. Continuous ventilatory support was required 
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TABLE I. Preoperative Data 
Gestation Birth Wt. Onset RD Onset Murmur Onset CHF Onset VS 
Patient Sex (wk.) (Gm.) (day) (day) (day) (day) 
1. AE F 39 1190 l 14 8 I 
2. B.Z. M 31 1560 1 5 10 2 
3. A.K. F 28 1040 1 3 20 — 
4. W.M. M 30 940 13 4. 13 — 
5. A.R. F 27 995 1 3 16 17 
6. K.T. M 33 1420 1 10 22 1 
7. D.N. M 29 960 1 9 18 — 
8. J.P. F 24 890 3 4 18 — 
9. SS. F 26 840 19 å 13 — 
10. E.F. M 27 1180 4 4 21 — 
11. D.H F 29 970 Í 3 12 
12, D.A M 35 2300 1 6 11 
13. F.F M 34 1190 1 4 6 
RD = Respiratory Distress 


CHF = Congestive Heart Failure 
VS = Ventilator Support 


in five patients before operation. Table 2 is a summary 
of the blood gas determinations in these patients prior 


- to cardiac catheterization. 


A systolic ejection-type murmur at the high left ster- 
nal border was present in all patients. It was first heard 
between the third and sixth day of life in ten of the 
infants and became continuous in nine of them prior 
to catheterization. Peripheral pulses were abnormally 
full in all of these infants. 

More prominent right ventricular hypertrophy than 
usually found in premature infants at this stage of 
development was seen on the electrocardiogram. In- 
creased pulmonary vascular markings were commonly 
seen on the chest roentgenogram. 

Congestive heart failure manifested by respiratory 
distress, hepatomegaly and increasing vascular mark- 
ings on the chest roentgenogram necessitated the insti- 
tution of digoxin and diuretics in all 13 patients by 
the third week of life. Anemia was corrected in four 
patients with small transfusions of packed erythrocytes 
prior to catheterization. 





TABLE 2. Preoperative Blood Gas Data 
Highest Paco, Lowest Pao, 

Patient Lowest pH torr torr 

i AE 6.99 125 30 
2. B.Z. 7.15 115 32 
3. A.K. 7.12 83 31 
4, W.M. 7.16 81 20 
5. A.R. 6.69 150 30 
6. K.T. 7.07 140 12 
7. D.N. 7.19 150 40 
8. J.P. 7.22 98 32 
9, S.S. 7.23 150 30 
10. E.F. 7.18 92 32 
11 D.H 7.15 96 26 
12 D.A 6.88 107 30 
13 F.F 7.15 67 28 





The presence of a heart murmur and increased pe- 
ripheral pulses coupled with the typical electrocardio- 
gram and chest roentgenogram helped us separate those 
patients with pulmonary over-circulation from those 
with primary pulmonary insufficiency. 


Cardiac Catheterization 


All but the first infant in this series underwent car- 
diac catheterization preoperatively. The criteria for 
cardiac catheterization were: 


1. Patient at least 7 days of age 

2. Paco, greater than 60 torr 

3. Full peripheral pulses 

4, Systolic or continuous murmur at the high left 
sternal border 

5. Failure of optimal medical management of 3 days’ 
duration 

6. Agreement to proceed with ductal interruption if 
a large left to right shunt was demonstrated at 
catheterization. 


The most useful indicator of the size of the left to 
right shunt through the PDA was the appearance of 
contrast material in the ductus and pulmonary ar- 
teries after injection into the aortic arch with the pa- 
tient in the right anterior oblique position. Measure- 
ments of pressure and oxygen saturation were not 
routinely performed. 

Complications related to the catheterization proce- 
dure occurred in nine patients. Persistent oozing of 
blood from the catheterization site was present in two 
patients and required transfusion in one. Diminished 
arterial pulsation distal to the catheterization site was 
present in seven patients; great toe tips became gan- 
grenous in three. One patient’s entire lower extremity 
was cold and had a swollen bluish-black appearance 


808 
after catheterization; after ligation of the PDA the ob- 
structed femoral artery and vein were reconstructed. 
There was transient improvement for about 2 hours 
but it later seemed that the entire lower extremity 
would become gangrenous. The extremity showed pro- 
gressive improvement over the next few days and only 
the great toe tip became gangrenous. 


Operation 


The decision to operate on these infants was made 
on the basis of the findings at catheterization. Nine of 
the 13 infants were operated on. The age at operation 
ranged from 2 to 7 weeks (median four). The preop- 
erative weights ranged from 1000 to 1800 Gm. (median 
1200). 

Hypothermia during the operative procédure was 
avoided by having the patient on a heating mattress 
and covering him with warmed blankets during the in- 
duction of anesthesia. The patienťs rectal temperature 
and electrocardiogram were monitored continuously. 
Nitrous oxide and gallamine triethiodide were used to 
anesthetize and paralyze the patients. Acidosis was cor- 
rected preoperatively and as dictated by blood gases 
measured intraoperatively. Multiple small transfusions 
were given to replace blood loss as it occurred. 

Ligation of the PDA was done through a left ante- 
rolateral incision in the third intercostal space. The 
external diameter of the PDA was generally about two- 
thirds the diameter of the aorta. The ductus was usu- 
ally about 1 cm. in length, relatively long, and was 
well suited to occlusion by purse string sutures of 5-0 
silk at each end and a mattress suture between. We 
were not aware of unusual friability of the duct. 


Postoperative Care 


All nine patients survived the early postoperative 
period. Careful attention was paid to drug manage- 
ment, fuid and electrolyte balance and blood gas de- 
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terminations, Either a radial artery catheter or repeated 
arterial puncture with a 25 gauge needle was used to 
monitor the blood gases. 

Ventilator support was used immediately postopera- 
tively in all patients but was discontinued within 48 
hours of the operation in six of the nine infants. One 
infant required ventilator support for 21 weeks before 
he died of pulmonary fibrosis. 

Four of the nine infants operated on died six, six, 
ten and 21 weeks postoperatively of pneumonia, pul- 
monary fibrosis, meningitis and pulmonary fibrosis 
respectively, All four had required preoperative ventila- 
tor support. The five long-term survivors were dis- 
charged at about ten weeks of age when weights ranged 
from 2210 to 2850 Gm. (median 2405 Gm.). Relevant 
operative and postoperative data are summarized in 
Table 3. 


Discussion 


Functional closure of a PDA in a full term newborn 
infant ordinarily occurs in the first hours of life with 
anatomical closure occurring in the first weeks of life.? 
Closure is often delayed, however, in the premature 
infant.1*:2 Explanations suggested have been incomplete 
development of enzyme systems or muscular tissue in the 
duct, hypoxemia which in experimental animals may 
cause the opening of a functionally closed duct, and a 
deficiency of muscular tissue or vasoconstrictor tone in 
premature pulmonary arteries. In the RDS, which is seen 
predominantly in premature infants, there is a further 
increase in the incidence of PDA or delayed closure, 
perhaps because of greater hypoxemia.?7-8-9:12,13 Since 
non-operative treatment of the circulatory component of 
RDS has been helpful, it naturally followed that inter- 
ruption of a PDA in the premature infant with RDS 
should be advocated." 89 

We have thought it unwise to operate on a critically 
ill infant without confirming the presence of a PDA 


TABLE 3. Operative and Postoperative Data 


Age at Op. Wt. at Op. Postop. VS Age Death Age Disch. Wt. Disch 
Patient (wk.) (Gm.) (days) (wk.) (wk.) (Gm.) 
1. A.E. 7 1800 5 17 — — 
2. B.Z. 2 1600 151 23 — — 
3. A.K. 5 1200 i — 10 2280 
4, W.M. 6 1500 f — 11 2770 
5. A.R. 4 1160 2 10 — == 
6. K.T. 5 1600 47 11 — — 
7. D.N. 4 1200 1 — 9 2504. 
8. J.P. 3 1000 1 — 10 2395 
9, S.S. 3 1020 2 — 11 2530 
10. E.F. — — — — 11 2550 
11. D.H. — — — — 9 2210 
12. D.A. —- — — 19 — — 
13. F.F. — — —- — 10 2850 
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and assessing the size of the left to right shunt. Four 
patients who were thought to be candidates for ligation 
prior to catheterization were not operated on either 
because of the smallness of the shunt demonstrated at 
catheterization or because of improvement immedi- 
ately following catheterization. Complications result- 
ing from catheterizing these patients made us question 
whether it was necessary to catheterize all infants prior 
to ligation of the PDA. The complications encountered 
were all due to cannulation of the fenioral artery. Re- 
cently it has been possible to study these patients with- 
out entering the femoral artery by passing a balloon- 
tipped flow-directed catheter via the femoral vein into 
the arterial system either through the PDA or through 
a patent foramen ovale. With this technic complica- 
tions in the lower extremity used for catheterization 
should not be as frequent. We, therefore, continue to 
recommend preoperative catheterization in these in- 
fants before advising interruption of the PDA. 
. Pulmonary fibrosis has been reported from pro- 
longed ventilation and from the use of a high oxygen 
concentration." Five of our patients required preop- 
erative ventilator support of varying duration and all 
subsequently died. All those operated on before they 
required the respirator survived. Continuous ventila- 
tor support was used for the sickest patients and, al- 
though these patients may not have survived without 
this, we now believe that when a premature infant with 
RDS and a large PDA needs continuous ventilator sup- 
port, ligation of the PDA should be used in preference. 
Early recognition and ligation of a large PDA associ- 
ated with respiratory distress in these tiny infants seems 
to be life saving. 
Summary 

The diagnosis and management of 13 premature in- 
fants with respiratory distress from a PDA are discussed. 
Nine were operated on: The niedian weight at operation 
was 1200 Gm. Ligation of the duct relieved respiratory 
distress in six of the nine within 48 hours of the opera- 
tiori. All nine patients survived the initial postoperative 
period. Late deaths were related to the need for pre- 
operative ventilator support as no patient died who 


DISCUSSION 


Dr. J. Avex HALLER, Jn. (Baltimore): This is a very spe- 
cialized group of patients that Dr. Bahnson has discussed with 


. us, but I think it is important to emphasize the precious nature 


of this group, because many premature infants are a result of 
difficult problems of couples who have continuing prematurity in 
the delivery of their babies, and therefore I think that their 
salvage is often an extremely important one. 

I, of course, am quite impressed with the technical ability of 
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was not on the ventilator preoperatively. Early cathe- 
terization and ligation are recommended when the 
diagnosis of a large left to right shunt is made in a pre- 
mature infant with RDS who is not responding to non- 
operative treatment and before the patient requires 
continuous assisted ventilation. 
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the senior author and also his residents, and I think he down- 
played this component of the management of these patients. 

I would like to attempt to clarify one aspect of his presentation, 
because it seems to me that there is, or could be, a misunder- 
standing about this group of patients; and, Hank, I would be most 
interested in your comments on this thought. 

You may have noted in the group of patients that the average 
weight was a little over 1000 Gm. Prematurity begins anywhere 
below 2500 Gm. If my math is anywhere near accurate, this means 
that this group of patients was extremely small; as a matter of 
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fact, almost in the category, many of them, of immature infants, 
under 1000 Gm, in order to come up with that kind of an aver- 
age. 

I think this is important, because we have not operated upon 
any premature babies in the last 3 years to ligate their ductus 
arteriosus. I wonder if this is not a particularly selective group— 
not that they did not respond to the operative procedures and 
need to be operated upon, but that there is another factor in the 
indication for ligation; namely, the very small size of these babies, 
and their inability to ventilate properly. _ 

To underline this comment, you may have noticed that the 
average Pcos, which is the best indication of inadequate ventila- 
tion, was greater than 100 mm. Hg. It has been our experience 
that in the very tiny prematures, whether they have a ductus or 
any other thoracic problem, or intraabdominal problem, that most 
of their respiratory difficulty comes from.their inability to breathe, 
because they do not have enough muscle mass and are so weak. 
These are the babies that do require respiratory support. 

I would like to suggest that perhaps one of the factors in selec- 
tion for this group of patients was their small size, rather than 
just the prematurity in the classic sense of under 2500 Gui. 

You will all recall that in the immediate period following birth 
there does occur a maturation of the pulmonary vascular bed, 
and this takes place over a month to 6 weeks’ time. During that 
period, if a baby is also hypoxic because of inadequate ventilation, 
the ductus arteriosus tends to stay open, because we know one of 
the most potent factors in the patency of the ductus is a con- 
tinuing hypoxic state. 

In the last 2 years we have had considerable experience with 

the Gregory technic of using continuous positive airway pressure 
breathing, in which we have abandoned the use of any respirators 
in these babies, and allowed them to breathe spontaneously, where 
possible, with positive pressure throughout the cycle of respiration. 
In the older prematures—that is, 1500-2500 Gm.—we have had 
superb success with avoiding any kind of operative procedure for 
such things as a ductus arteriosus. I suspect that in the much 
smaller babies, where they cannot initiate spontaneous respiration 
effectively, and therefore have high Pcow’s, that this would be the 
group who would require operative intervention. 
. I would be most interested in your comments on this, Hank, 
because I think this is a most impressive series of very small 
babies who certainly warrant the salvage procedures which you 
carried out. 


Dr. Denton A. Cooxtey (Houston): We have been interested 
also in the surgical treatment of cardiovascular anomalies in 
the newborn, including the premature infant: I wish to make 
some personal observations on a technic which might be useful 
in dealing with such patients. 

In the first place, an operation on an infant weighing 1000 
to 1500 grams should be done by an extrapleural technic. We 
use the extrapleural technic for operating on either patent ductus 
or coarctation of the aorta. For coarctation of the aorta, we 
almost routinely put a patch graft over the constricted aorta or 


coarctation. I believe this repair will not undergo subsequent 


HORSLEY, LERBERG, ALLEN, ZUBERBUHLER AND BAHNSON 


Ann. Surg. « June 1973 


stricture formation because the remainder of the aorta is free 
of scar tissue. 

Ligation of the patent ductus in a premature infant is cer- 
tainly sufficient. One does not have to divide the ductus. 

An advantage of using the extrapleural technic is that one 
avoids using a thoracotomy tube. Closure of the skin incision 
with a subcuticular Dexon completes the operation, and the 
surgeon returns the patient to the pediatricians for diet orders 
and other basic necessities. 

Another point which I think is important in operating on 
infants is to provide proper illumination of the lesion and 
use magnification to see what is being done. We use a Fiberop- 
tic head lamp which gives excellent illumination. In all of our 
infant surgery we use a three power magnifying loupe to do 
the dissection, These two devices have opened a new world 
for us, and I believe it will greatly improve surgical technics 
for others. 


Dr. D. B. Lerperc (Closing): In response to Dr. Haller’s 
question, we have used the Gregory technic of respiration on 
these infants at the McGee Women’s Hospital. They have re- 
quired frequent bagging for apneic spells, and diligent sup- 
portive care. Indeed, this extra care and attention may have 
allowed these small infants to survive long enough to s 
the syndrome presented in this paper. Determination of this will 
have to await a larger number of cases and further study. 

Dr. Cooley, we appreciate your points on technic. We have 
used the extrapleural approach in one of these infants, but have 
performed a routine thoracotomy in the other infants. Sub- 
cuticular sutures have been used in all the patients. 

„In closing, I would like to stress two points about the care 
of these patients. Meticulous pre- and postoperative care is esen- 
tial if these premature infants with immature metabolic and 
cardiorespiratory systems are to survive. An important aspect 
of this is the maintenance of body temperature during, before, 
and after operation. 
= [Slide] As noted in the paper, the infants are born at McGee 
Women’s Hospital and transported to Children’s Hospital by a 

ediatric resident. Wrapping the infant in silver foil makes him 
look like a submarine sandwich or Hoagie as it is called in Pitts- 
burgh, but it greatly decreases heat loss. 

[Slide] A self-contained warmer and transport system further 
ensures minimal change in environmental and patient tempera- 
tures. 

Another point we would like to stress is the minimal mor- 
biditey and mortality of open thoracotomy and ligation of the 
PDA in these premature infants, most of whom weighed only 
slightly more than 1000 Gm. 

[Slide] This slide shows a 1360 Gm. piemature infant next 
to a silver dollar. However, the same inflation that has forced 
the Southern Surgical Association to raise its due has somewhat 
distorted this picture. 

[Slide] This next slide shows the same infant alongside a 
paper dollar. I believe the tiny nature of these infants is still 
quite evident. 


Fresh Autologous Blood Transfusions with 


HE DETRIMENTAL EFFECTS of extracorporeal circula- 
Ta upon blood have been repeatedly demonstrated. 
Although certain mechanisms responsible for adverse 
changes are known, many remain obscure. Thrombo- 
cytopenia,?? hypofibrinoginemia,*" hypoprothrombine- 
mia,” decrease in accelerator globulins,®.”* fibrinoly- 
sis,6 disseminated intravascular coagulation,® and hepa- 
rin rebound" have been reported. The use of homologous 
blood as part or all of the perfusate in extracorporeal 
circulation and as replacement for blood loss introduces 
other hazards. These hazards include transmission of 
viral hepatitis and other infectious diseases, allergic re- 
actions to cellular antigens and serum proteins, the 
chances of receiving incompatible blood as the result of 
faulty crossmatching or clerical error, febrile reactions 
related to platelet and leukocyte antigens, and potassium 
intoxication. Furthermore, the effectiveness of stored 
homologous blood is of limited value in the correction 
of bleeding due to coagulopathies.® 

Fresh whole blood is the ideal medium for the restora- 
tion of fibrinogen, thrombin, platelets, and other possible 
unknown clotting factors. The use of autologous blood 
alleviates the inherent dangers of homologous blood. 
Autotransfusion, known to be the safest source of blood 
replacement, seems to be particularly applicable in con- 
junction with extracorporeal circulation.*.&11-19 

In order to evaluate the safety and effectiviness of 
fresh autologous blood transfusions with extracorporeal 
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circulation, we have compared similar groups cf pa- 
tients who underwent operations which required ex- 
tracorporeal circulation at the Ochsner Clinic curing 
a l-year period. 

Method 


The patients were selected at random and divided 
into two groups of 150 each. There were 21 children 
less than 12 years of age in Group I and 24 in Group II. 
The average size and weight were similar in each 
group and the ages ranged from 2 months to 77 years. 
The types of operations varied but were relatively sim- 
ilar in both groups, The average time in which extra- 
corporeal circulation was used did not differ be-ween 
the groups. Excluded from the study were all patients 
who preoperatively gave evidence of an abnormal clot- 
ting mechanism, a deficit of 10% or more of predicted 
normal blood volume, impaired renal function, or those 
who postoperatively bled as the result of faulty opera- 
tive management. 

Group 1 received fresh autologous transfusions fol- 
lowing extracorporeal circulation and stored whole ho- 
mologous blood when further blood replacement was 
necessary. Group II received stored whole homologous 
blood following extracorporeal circulation and when 
further blood replacement was necessary. 

To obtain the blood for autologous transfusion, 20% 
of the blood volume of each patient in Group I was re- 
moved via a 16-gauge intra-arterial needle into plastic 
blood donor bags containing citrate-phosphate-dextrose 
(CPD). We have used the term hemospasia for this 
process. Twice the volume of blood removed was re- 


Fic. 1. Average amount 
of blood required during 
hospital stay. 





Group I 
Total blood requirement 


Group I 


placed by infusing Ringer’s lactate solution in order to 
maintain stable vital signs. The blood was removed im- 
mediately before heparinization and commencement of 
extracorporeal circulation. This blood was stored in the 
operating room at room temperature. It was returned 
to the patient as a continuous intravenous infusion after 
completion of extracorporeal circulation and adequate 
heparin reversal. In both groups an attempt was made 
to reinfuse all or most of the extracorporeal perfusate 
while monitoring the left atrial pressure. 

The extracorporeal circuit in both groups was primed 
either without blood or with 50% blood. The Bentley 
Temptrol oxygenator, roller pumps and microfilters 
were used in each perfusion. The hemodilution was 
performed with either Ringer’s lactate or Plasmalyte® 
(Travenol) solution. To the perfusate were added 
12.5 Gm. of salt-poor albumin per 1000 cc, hemodilu- 
tion, 2000 IU of heparin per 500 cc. of blood or hemo- 
dilution fluid, 0.5 Gm. of calcium chloride for each unit 
of acid. citrate—dextrose (ACD) blood prime, 10 mEq. 
of potassium chloride, 1 Gm. of magnesium sulfate, and 
25 Gm. of mannitol immediately prior to bypass. Suffi- 
cient amounts of tromethamine (Tham-E®) were added 
to the prime if the pH was below 7.4 and the Pcos less 
than 35. Adult patients received 10 mg. of furosemide 
(Lasix®) at the beginning of extracorporeal circulation 
and another 10 mg. upon completion; children received 
2.5 mg. of furosemide both at the commencement of 
extracorporeal circulation and upon completion. 

The amount of blood replacement during the hospi- 
tal stay and the amount of postoperative blood loss, as 
measured by chest tube drainage, was calculated in 
each patient. The blood used in priming the pump ox- 
ygenator was included in the amount of blood replace- 
ment, since most or all of the perfusate was reinfused 
into the patient at the completion of the operation. 
Sufficient follow-up was obtained on each patient to 
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ascertain if clinically apparent serum Apani devel- 
oped. 

T 50 consecutive adult patients in Group I; studies 
were performed to determine changes produced in the 
blood by this method. Partial thromboplastin time, 
clotting time, prothrombin time, plasma hemoglobin and 
urine hemoglobin were determined preoperatively and 
postoperatively. Hemoglobin, hematocrit, platelet count, 
fibrinogen levels, serum osmolarity, and urine osmolarity 
determinations were performed preoperatively, after 
hemospasia, immediately postperfusion, and after re- 
infusion of the perfusate and the autologous blood, 


Results 


The amount of blood needed during the hospital 
course in Group I was significantly less than that re- 
quired in Group II. The amount required in Group I 
varied from none to 4,500 cc. with an average of 1,688 
cc. per patient; the amount in Group II varied from 
500 to 8,000 cc. with an average of 3,331 cc. per pa- 
tient. Thus, there was a mean reduction of blood trans- 
fusion of 1,622 cc. per patient (p < 0.001 two-tail 
Student's t test) (Fig. 1). 

The blood loss in the postoperative period, as meas- 
ured by the amount of drainage from the chest tubes, 
was greater in Group IT than in Group I. The range in 
Group I varied from 0 to 1,750 cc. and in Group II 
varied from 200 to 4,000 cc. The mean difference was 
209 cc. per patient (p < 0.01 two-tail student's ¢ test) 
(Fig. 2). 

Two patients in Group I were reported to have con- 
tracted clinical serum hepatitis, whereas four individ- 
uals in Group II developed serum hepatitis. Five hun- 
dred and four pints of blood were administered to the 
patients in Group I and 993 to those in Group II. 
Therefore, the incidence of hepatitis was roughly pro- 
portional to the number of units of blood administered. 
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In the 50 consecutive adult patients studied in Group 
J, the postoperative blood volume measured upon en- 
trance to.the intensive care unit was consistently lower 
than the preoperative volume despite a clinically hemo- 
dynamic stable patient (Fig. 3). The decrease in red 
blood cell volume was more significant than the de- 
crease in plasma volume, probably as the result of per- 
sistent hemodilution. The appropriate defects were 
subsequently corrected with diuresis and specific re- 
placement of blood components. 

Preoperative and postoperative partial thromboplas- 
tin time, clotting time, and prothrombin time did not 
show a significant change, attesting to the efficacy ot 
extracorporeal circulation. The plasma and urine hemo- 
globins were directly related to duration of extra- 
corporeal circulation and the amount of blood returned 
to the venous reservoir via suckers. Postperfusion plasma 
hemoglobin varied from 1 mg./100 ml. to 300 mg./ 
100 ml. In the majority of patients, plasma hemoglobin 
was less than 50 mg./100 ml. The hemoglobin and 
hematocrit values were directly related to the amount 
of hemodilution. Because of replacement of the with- 
drawn autologous blood with twice the amount of Ring- 
ers lactate and the dilution of the perfusate, particularly 
when a non-blood prime was used, the hemoglobin 
and hematocrit dropped to a disturbingly low level 
during extracorporeal circulation. These levels returned 
toward normal after diuresis and with the addition of 
autologous blood ( Fig. 4). 

The platelet count dropped during extracorporeal 
circulation but rose following re-infusion of the autolo- 
gous blood. There was a mean decrease of 55% of the 
platelets at completion of the extracorporeal circulation 
and an increase of 26% following infusion of the au- 
tologous blood (Fig. 5). The mean increase was 28,- 
000/mm.’? The lowest increase in any one patient was 


4,000/mm? and the highest was 89,000/mm.? The fibrino- 
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On After After 


eects PE pump pump reinfus on 
gen levels also decreased with extracorporeal circulation 
and increased with re-infusion of the autologous blood. 
There was an average decrease in fibrinogen of 32% fol- 
lowing extracorporeal circulation. The measurements 
were made after protamine was administered for the 
neutralization of the heparin. After the re-infusion of the 
autologous blood the rise in fibrinogen levels varied but 
there was a mean rise of 20% (Fig. 6). 

The serum and urine osmolarities varied greatly and 
appeared to be related to the hemodilution and the 
stage of diuresis. Almost invariably, the urine osmo- 
larity rose immediately after hemospasia, manifesting 
an effort by the kidney to preserve homeostasis. How- 
ever, following the replacement with Ringer’s lactate 
and further dilution with the perfusate, the urine os- 
molarity declined. In the immediate postperfusion pe- 
riod following diuresis, the urine and serum osmolari- 
ties approached one another. Following diuresis the 
normal preoperative ratio was observed. 

. Occasionally the withdrawal of 20% of the blood 
volume rather rapidly led to a slow but progressive 
hypotensive state. This occurred only when fluid re- 
placement was inadequate and was of little or no con- 
sequence. However, when it did occur, cessation of 
hemospasia or early institution of extracorporeal cir- 
culation or both became necessary. 


Discussion 


Effects of Extracorporeal Circulation and Storage of 
Blood 


There was marked reduction in blood loss (1,622 cc./ 
patient) in that group of patients who received au- 
tologous blood transfusions. However, the mean dif- 
ference in loss of blood postoperatively from the chest 
tube drainage was only 209 cc./patient. It is apparent 
that the difference in total blood loss is not solely ac- 
counted for by the postoperative chest tube drainage. 
It is the clinica] impression of the house staff and the 
authors that blood loss immediately after extracorpo- | 
real circulation and neutralization of heparin was greater 
in those patients in Group II than in those who reteived 
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autologous blood transfusions (Group I). It is during 
this period immediately postperfusion that the clotting 
factors are most severely altered and when autologous 
fresh whole blood is most helpful in supplying to the 
patient the various factors needed for proper coagula- 
tion. 

The effects of extracorporeal circulation and homol- 
ogous blood transfusions on the clotting mechanism are 
complicated and often obscure. With refinement in ex- 
tracorporeal circulation, many previously reported ad- 
verse effects have been eliminated or reduced to little 
or no consequence. Despite the advances and sophisti- 
cation of extracorporeal circuits, changes and damage 
to blood elements still limit the duration and safety of 
extracorporeal circulation. The use of autologous blood 
transfusions following extracorporeal circulation offers 
some control of postoperative coagulation problems. 

Extracorporeal circulation has a detrimental effect 
on platelets and fibrinogen levels.*:?* Both usually fall 
early in the course of, extracorporeal circulation and 
are directly related to the amount of trauma and intra- 
vascular clotting of extracorporeal circulation. Not only 
are the number of platelets decreased, but the quality 
of the platelets is altered adversely. Our study showed 
an increase in platelets and fibrinogen following re- 
infusion of fresh autologous blood. The platelets fell 
to 45% of the preoperative level and then increased 
26% following re-infusion of the autologous blood. The 
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short period of storage of the autologous blood would 
not be expected to alter the number or quality of plate- 
lets. The transfusion of this fresh autologous blood with 
its intact clotting factors should have a beneficial ef- 
fect. The quality of platelets is important in that bleed- 
ing may occur after extracorporeal circulation with 
platelet counts of 50,000 to 100,000 whereas in other 
situations the platelet count must. drop below 50,000 
before bleeding occurs." 

The fibrinogen levels fall with extracorporeal circu- 
lation and the decrease is proportional to the length of 
perfusion and degree of clotting. There is further de- 
cline in the fibrinogen level following the administra- 
tion of protamine for neutralization of heparin. Varia- 
tions of fibrinogen levels in this study are believed to 
be due to the time of sampling in relation to the pro- 
tamine-heparin interaction. 

The storage of blood induces certain dangers. There 
is now evidence that blood stored by presently ac- 
cepted technics with acid-citrate-dextrose solution de- 
velops amorphous particulate matter within the first 
few days of storage which progressively increases in 
quantity.17 The debris consists of aggregates of plate- 
lets and white cells and fibrillar material. Blood banked 
for more than one day becomes deficient in viable plate- 
lets and after seven days, its content of Factors VI and 
VIII is less than 40% of normal.?1 


Hemodilution 


The withdrawal of 20% of an individual’s blood vol- 
ume requires replacement with an equal or greater 
amount of crystalloid solution, which leads to hemo- 
dilution. The hemodilution is further exaggerated by 
the perfusate in the pump oxygenator, particularly 
when the perfusate is dilute or composed of a non- 
blood medium. Hemodilution can be beneficial by re- 
ducing the viscosity of blood, which in turn causes a 
reduction in the peripheral vascular resistance. There 
is an increase of flow to the various organs at the same 
perfusion pressure, thereby lessening the chance of 
postoperative ischemic problems related to organ per- 
fusion. Hemodilution which reduces the hematocrit to 
as low as 20% is tolerated exceptionally well. All pa- 
tients who underwent autologous transfusions showed 
hemodilution. In those in whom the perfusate was en- 


tirely a crystalloid solution, the hematocrit declined 


to an alarmingly low level. During the early phase of 
extracorporeal circulation, the hematocrit in some pa- 
tients not infrequently was less than 15%. One fears 


that oxygen delivery may be below the tissue require- | 


ments, particularly if the pump flow falls below 2.2 
liters/m? of body surface area. However, with induced 
hypothermia, there is a reduction of oxygen consump- 
tion and greater dissolution of oxygen into the cold 
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blood. The low viscosity of the blood and the hypo- 
thermia account for the lack of signs of tissue anoxia 
seen with severe hemodilution. There is a limit to the 
degree of hemodilution tolerated, much of which is re- 
ferable to the duration of perfusion. Dilution of the 
packed cell volume to values as low as 15% has not 
been recognized as a cause of perfusion hypoxia,” al- 
though Roe** reported an occasional occurrence of 
petechiae when the packed cell volume fell below 20%. 

Hemodilution does not adversely affect left ventricu- 
lar function even in the presence of regional ischemia 
of the heart.!8 Coronary autoregulation appears to 
provide compensatory increase in total coronary blood 
flow when hemodilution is present, so as to provide 
oxygen delivery. It has been demonstrated that anemia 
controlled to less than 50% of the normal red cell mass 
does not alter cardiac output.” 

In severe hemodilution, there is a rapid loss of the 
crystalloid solution from the vascular compartment to 
the interstitial space. This results in reduction of blood 
volume and decrease in venous return, as well as ex- 
pansion of the extravascular space. The addition of 
blood or crystalloid is often necessary during extra- 
corporeal circulation to maintain adequate perfusion. 
The judicious use of diuretics allows excretion of this 
crystalloid solution and prevents a positive water bal- 
ance in the lung postoperatively. Since diuresis is an in- 
tegral part of hemospasia, renal dysfunction and non- 
correctable coronary artery disease are contraindications 
to the use of this technic. 


Advantages of Autologous Blood Transfusion 


Most of the complications of homologous blood trans- 
fusions are avoided with autologous transfusions. More 
than 5% of all patients receiving homologous blood 
transfusions have some type of unfavorable reaction. 
The complications of homologous blood transfusions are 
proportional to the number of units of blood given, so 
that any reduction in the number of transfusions is a 
potential benefit to the patient. In essence, each blood 
transfusion is an allogenic transplant. The antigenicity 
of blood is such that recipients are susceptible to a 
wide variation of immunologic reactions with each pint 
of blood. 

The incidence of hepatitis was lower in the group 
of patients who received autotransfusions, The decrease 
was roughly proportional to the smaller number of ho- 
mologous blood transfusions. The transmission of in- 
fectious disease by homologous blood is well docu- 


. mented. The most commonly transmitted disease is 


viral hepatitis. The incidence of anicteric serum hep- 
atitis has been reported as high as 8.8%'° for each 
unit of blood and clinically apparent hepatitis has been 
reported as high as 3%! Prophylactic gamma globulin 
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has not been demonstrated to be effective prctection 
against serum hepatitis.2 The risk of hepatitis is even 
greater when blood is obtained from commercial sources 
as opposed to volunteer donors. Walsh and czo- 
workers** have reported the development of hepatitis 
in 51% of patients who underwent open-heart surgery 
and received blood from commercial sources, whereas 
the disease did not occur in any patients who received 
blood from volunteer donors. Malaria, syphilis, cy- 
tomegalovirus, infectious mononucleosis, Epstein-Barr 
virus infections and other diseases are being reported 
with increasing frequency following blood transfusions.’ 

The avoidance of homologous blood is also impera- 
tive in the treatment of patients with certain religious 
beliefs. Jehovah Witnesses refuse transfusions and the 
right of these people to follow their religious convic- 
tions, despite contradictory opinions by their physi- 
cians, has been upheld by the U. S. Supreme Court. Au- 
totransfusion is possible, however, if there is continuity 
of flowing blood between patient and a reservoir of au- 
tologous blood. 

Another important attribute of autotransfusion is its 
economic advantages. Not only is there a financial sav- 
ing to the patient, but there is a conservation of blood 
resources, Also, the decrease in clerical and technical 
work in the procurement, processing, and administra- 
tion of blood reduces the work load in the blood bank. 


Summary 


Patients were selected at random to receive fresh au- 
tologous blood transfusions after extracorporeal circu- 
lation (Group I) or to receive stored whole blood after 
extracorporeal circulation (Group II). Each group con- 
sisted of 150 patients. The total amount of blocd re- 
quired during the hospital stay in Group I was signifi- 
cantly less than in Group II. The mean reduction in 
blood required was 1,622 cc./patient. The incidence 
of hepatitis was less in Group I and related directly to 
the number of homologous blood transfusions. Labora- 
tory tests were conducted on 50 consecutive adult pa- 
tients in Group I to determine the changes produced 
by hemospasia. There was no significant change in the 
pre- and postoperative determinations of thromboplastin 
time, clotting time, or prothrombin time. The hemato- 
crit was related to the degree of hemodilution. During 
cardiopulmonary bypass, it was not unusual for the 
hematocrit to drop below 15% but it returned toward 
normal after diuresis and re-infusion of the autologous 
blood. Platelet counts and fibrinogen levels decreased 
with extracorporeal circulation and increased with re- 
infusion of the autologous blood. Serum and urine os- 
molarities varied with the degree of hemodilution and 
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stage of diuresis and resumed the normal preoperative 
ratio after diuresis. 

The withdrawal of 20% of the patient’s blood volume 
immediately before extracorporeal circulation and its 
re-infusion at the completion of the operation has been 
found to be safe and effective in reducing the amount 
of blood necessary for cardiac surgery. 
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questering this blood we did find that the platelet count and 
platelet adhesiveness were better and the bleeding postopera- 
tively was less when we returned the sequestered bood. The 
only pđrameters that we measured in which there was a statistical 
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diference was in the better platelet count and adhesiveness 
when we used sequestered blood. 

The whole concept was begun because it was recognized by 
our hematologists that all one really needs to have fairly decent 
coagulation is about 20% of the normal clotting factors, and most 
of these are platelet or liver factors. Consequently we used then 
and are using now essentially the same volume of sequestered 
blood that John has used hemospased blood. 

I would make one comment. I think the technic of using a 


16 gauge needle, in our thoughts at least, was not entirely de- , 


sirable. We were anxious to get the blood out and sequester it 
and have it as much undiluted as we possibly could. Conse- 
quently we simply hooked up a plastic bag with large adapters 
on it to our venous line and removed blood from the venous 
cannula, infusing blood at the same time from the bypass ma- 
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chine through the arterial line, in order that one can accom- 
plish this at least within the time of several circulations of blood. 
' We thought it would be advisable not to use citrated blood 
in such an instance. We simply heparinize the patient and then 
hemospase our blood and keep it sequestered in a plastic bag 
at room temperature until the end of the bypass. Citrate, re- 
frigeration and storage in glass are known to have at least some 
adverse: effect on the clotting factors. 


Dr. Jonn L. Ocusner (Closing): We were well aware of Dr. 
Bahnson’s early work in the use of autologous blood. Our studies 
are very similar, except Dr. Bahnson used homologous blood 
also with his pump prime. 

.We were concerned in using the 16 gauge needle whether 
we were going to destroy some of the platelets, having read 
Dr. Bahnson’s manuscript on remeving the blood, I think, through 
a 28 venous cannula. The hematologists, however, tell me that 
as long as the lumen of this withdrawal for hemospasia is 16 
gauge or greater, there is no chance of destroying or injuring 
the platelets; so we stuck with the 16 gauge needle, because 
this was our intra-arterial needle for monitoring, and we could 
draw it through the same needle and save a little bit of time. 

We also did not want to heparinize this blood. We wanted 
to keep it as unheparinized blood, although there is a little bit 
of evidence that in heparinized blood the quality of platelets 
remains better over a long period of time. But we didn’t want 
to add the other factor of anticoagulation in trying to study 
the various parameters and having the blood heparinized as we 
reinfused it. . 
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Dr. A. RoserT CorneLL (Winston-Salem): Taking our cue 
in part from Dr. Bahnson’s work of a few years ago, we have 
begun collecting blood prior to the beginning of perfusion and 
have collected some data in recent months. Our data agrees 
very much with what Dr. Ochsner has reported to you. 

We have collected blood from 34 patients prior to perfusion 
and have studied 24 other controlied patients during the same 
period without such collection. From 350 to 1000 ml. of blood 
have been removed from each patient. We find, ‘surprisingly, 
that platelet counts probably represent the most importar:t param- 
eter in estimates of postoperative coagulation state. They fall 
after extracorporeal circulation to an average of 16,000 to 80,000 
per cubic mm. In our studies, counts have risen from 30,000 to 
110,000 per cubic mm after the re-infusion of autogenous blood. 
` Our blood loss in chest drainage after these —perfusions has 
been significantly less as measured by calculating milliliters of 
blood loss per kilogram of body weight for the ‘first 24 hours 
after bypass. Loss in the autotransfusion group has been 5 ml/Kg. 
whereas: the controls had 9 ml/Kg. 

Obviously autotransfusion can be managed in a variety of 
ways, but the many obvious advantages speak for themselves, 
and we feel that this technic will have an important place in 
surgery requiring whole body perfusion. 

I have one word of caution regarding the new 40 micron 
filters, If autotransfused blood is put through these filters, ap- 
proximately 85% of the platelets will be removed and. a major 
advantage of the technic will be lost. | 

In general, this technic requires little effort, little risk, and 
has much to recommend it. 


Ten-Year Experience with Cardiac Valve Replacement: 
Results with a New Mitral Prosthesis 


DENTON A. COOLEY, M.D., J. EDWARD OKIES, M.D., DON C. WUKASCH, M.D., 


OTAL REPLACEMENT of cardiac valves has become the 

standard surgical treatment for most patients 
with severe acquired and congenital valvular disease. 
The surgeon has a choice of valves for replacement in- 
cluding homografts or heterografts, stinted or unstinted; 
or mechanical valves fabricated from synthetic mate- 
rials. Each of these devices has certain disadvantages 
and may result in early and also late complications, Our 
preference for valve replacement has been the mechani- 
cal prosthesis. The purpose of this report is to present cer- 
tain observations based mostly upon a 10-year clinical 
experience with valve replacement. 


Clinical Material 


During the past decade, a total of 3587 patients re- 
ceived 4325 prosthetic valves—some had double or triple 
valve replacements (Table 1). Among these patients, 
2373 had replacement of the aortic valve, 1877 the mi- 
tral, 56 the tricuspid, and 19 the pulmonary (Table 2). 
From the onset we have deliberately, and usually arbi- 
trarily changed from one prosthesis to another to test 
clinically the modifications and new features and ma- 
terials of valves as progress in this field evolved. Thus, 
Table 3 records eight types of aortic prostheses employed 
clinically, 13 types of mitral prostheses, nine tricuspid 
prostheses, and three types of prostheses for replacement 
of the pulmonary valve. 


Comment 


Results of these clinical trials have been extensively 
reviewed in previous publications.2->-7.8.12-44,19,26-28 Com- 
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plications included thromboembolism, hemolysis, hemo- 
dynamic problems (obstruction or regurgitation), and 
materia] failure. Of these complications, thromboem- 
lism has been by far the most common, the most serious, 
and.the most difficult to prevent. A complete statistical 
analysis of our experience with each of these complica- 
tions would be an insurmountable task, but analyses of 
individual series have yielded an incidence of complica- 
tions ranging between 5 and 30%, depending upon 
whether or not anticoagulants were used. An attempt 
has been made to grade each prosthesis according to its 
performance and incidence of compliations in this total 
series (Table 4). 

In Table 4 those prostheses which had been used in 
excess of 150 replacements were graded according to 
results obtained. Some errors in grading were related to 
the difference between mitral and aortic valves and in 
function of the prosthesis in the small size range compared 
to the larger sizes. Moreover, modifications and changes 
of materials in later models of valves alter the results and, 
therefore, the series chronologically, and it would be nec- 
essary to supply a more objective and accurate evaluation. 
On the basis of this assessment we have found that the 
Smeloff-Cutter!!" full-orifice double-caged prosthesis 
and the Bjork-Shiley*?"** floating-disc prosthesis have 
provided the best results (Table 4). 

Proper design of a prosthesis to replace the mitral 
valve depends upon a number of considerations and 
problems, each of vital importance. 


Anatomic 


The prosthesis must conform to the diameter of the 
mitral annulus but leave adequate space around the 
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TABLE 1. 


CARDIAC VALVE REPLACEMENT 


819 


Patients Undergoing Cardiac Valve Replacement* 


ar tr U 


Operation Total 1962 1963 1964 1965 
Total 3587 28 114 245 349 
AVR** 1866 13 71 148 191 
MVR** 1267 13 41 86 127 
EVR”? 7 — — — 1 
PVR** 18 — — — — 
AVR & MVR 385 1 2 Íi 26 
MVR & TVR 26 1 — — 2 
AVR & TVR 1 — — — — 
AVR & PVR 1 — — — — 


* Patients are listed only once, regardless of subsequent operations. 


** AVR = 
replacement. 


periphery for free movement of the poppet and circula- 
tion of blood to avoid pockets of relative stasis. In pa- 
tients with predominant mitral stenosis, the normal vol- 
ume left ventricular cavity will not accommodate the 
bulk of some ball and cage prostheses, thus leading to 
obstruction of the cavity or impingement upon the endo- 
cardial surfaces resulting in serious and occasionally fatal 
cardiac arrhythmia. Therefore, the prosthesis should have 
a low profile with a controlled excursion of the poppet 
during the diastolic phase to permit full opening of the 
valve, During systole when the ventricular walls encroach 
upon the prosthesis, the poppet or cage must not im- 
pinge upon the ventricular surfaces. 
Physiologic 

The prosthesis should be designed to give an ade- 
quate flow of 4.0 to 8.0 liters per minute, without ob- 
struction or significant flow gradients at high flows or 
with rapid heart rate, At cardiac rates of 150 per minute 
or more, some prostheses are likely not to perform, “chat- 
ter,” and remain in an open position. The poppet should 
be responsive to minor changes in pressure in the left 
atrium and ventricle. The inertia to opening or moving a 
large, heavy poppet may lead to flow gradients. Flow 
patterns must be designed to avoid excessive turbulence 
which would cause hemolysis and blood destruction. 


Materials 


The materials chosen must first be biologically com- 
patible; i.e. noncarcinogenic, nonantigenic and nontoxic. 


TABLE 2. 
Operation Total 1962 1963 1964 1965 
Total 4325 30 181 208 397 
AVR** 2373 14 138 105 224 
. MVR** 1877 15 43 102 159 
TVR** 56 1 — 1 4 
PVR** 19 — — — — 


1972 to 

1966 1967 1968 1969 1970 1971 Oct 31 
298 355 477 456 394 450 421 
142 183 212 244 217 250 215 
135 134 197 145 125 138 126 
1 — 2 2 1 — m 
— — i 4 1 5 7 
20 32 53 67 47 55 71 
— 4 8 6 3 — 


panee 


aortic valve replacement; MVR = mitral valve replacement; TVR = tricuspid valve replacement; PVR = pulmonary valve 


Moreover, they should have optimum mechanical 
properties and chemical stability and not subject to deg- 
radation or absorption of body substances. The mate- 
rials of the exposed parts which will not be covered sub- 
sequently by fibrin and endothelium should resist cletting 
and arid hemolysis and should not alter plasma prcteins 
necessary for normal clotting. The materials should be 
lightweight, with sufficient strength ta permit fabrication 
of delicate framework. 


Thromboembolism 


Of all the problems which confront the designer of 
prostheses, thromboembolism is the most significant. 
Prevention of thromboembolism can be achieved by 
administration of medications to prevent platelet ag- 
gregation or excessive intravascular clotting, or by cer- 
tain features of engineering and design which prevent 
stasis of blood and excessive turbulence. According to 
Salzman,” who has extensively studied this problem in 
prosthetic valves, success of a valve prosthesis in avoid- 
ing thrombosis and embolism depends primarily upon 
adopting a proper design. 

On the basis of our observations, and convinced that 
a prosthetic valve must be constructed of synthetic 


rather than biologic materials we have designed in 


collaboration with Cutter Laboratories, * a mitral valve 
prosthesis which incorporates certain favorable features 
and eliminates those which we consider unsatisfactory. 


Total Number of Actual Valve Protheses* 


1972 to 
1966 1967 1968 1969 1970 1971 Oct 31 
331 435 577 557 493 569 547 
164 247 284 286 279 320 302. 
166 181 278 251 207 240 255°" 
1 7 14 16 6 4 2 
—- — i 4 i 5 8 


* Reported without regard to whether a single, double, or triple replacement was done or whether it was a reoperation. 


** AVR = aortic valve replacement; MVR = mitral valve replacement; TVR = 


replacement. 


tricuspid valve replacement; PVR = pulmonary valve 
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TABLE 3. Total Experience with 4325 Valve Replacements According -D 
to Type of Prosthesis i | r ] J 
Prosthesis AVR* MVR* TVR* PVR* Total | 

Total 2373 1877 56 19 — 
Single Leaflet 

(Bahnson or Cooley) 3 — — — 3 ; 
McGoon 7 ae — — 7 Fic. 1. Drawing of Cooley-C i 

ede y-Cutter valve showing the low profile 

=H r-Edwards 2 A 191 2 a ce of the prosthesis, and features of the full orifice and double cage 
S ae n 9 iai F T r, with the range of excursion of the disc poppet. On the left is a 
SIN pe 21 9 fa = 30 diagram of the regurgitant stream in the closed position. 
Wada 2 256 16 3 277 
Bjork-Shiley 965 421 8 10 1404 
AR =f = 223 11 5 234 is made of Teflon cloth sewn by hand securely and 

aie Gad = 14d 5 = 149 carefully to the Titanium ring (Fig. 1). The discoid 
Alvarez ` — 3 = — 3 poppet is of Pyrolite carbon* made by the pyrolysis 
ao asia = 186 — = 186 process in which gaseous methane is super-heated to 

- e - 

a a aan ae 187 5 = 192 create a film of pure carbon on a discoid graphite sub- 
Fascia Lata strate. The surface of the disc is highly polished and has 
Ta een E a 3 = a a hardness and durability comparable to diamond. 
Cooley-Cutter — 166 1 — 167 , 

Homograft a an a 6 6 Low Profile 
7 The valve has an overall profile of 11 mm. (size M24 
* AVR = aortic valve replacement; MVR = mitral valve re- ae ( e)» 


placement; PVR = pulmonary valve replacement; TVR = tricuspid 
valve replacement 


Description of New Mitral Valve Prosthesis 


Materials 


The cage is formed from a block of Titanium and ma- 
chined, making two sections, or halves, which are welded 
together, ‘The ‘struts of the cage are part of the same 
block of Titanium ‘as the base ring to avoid a weld at 
their base which would provide a site for stress and 
failure. The struts are strengthened by an annealing 
process to prevent crystallization and fracture. The Ti- 
tanium takes: a high polish to provide an extremely 
smooth surface exposed to the blood. The sewing ring 


12 mm. (size M27) and 14 mm. (size M30) (Figs. 1 and 
T) 


Large Eccentric Sewing Ring - 


The width of the sewing ring provides a generous mar- 
gin separating the moving poppet from the mitral annulus 
to prevent encroachment of the myocardium and ensure 
free movement. Since the myocardial tissue most likely 
to impinge is located posteriorly, the sewing ring is ec- 
centric so the surgeon should orient the thickest portion 
of the ring posteriorly (Fig. 2). This also moves the 
prosthetic orifice and moving poppet to a forward posi- 
tion, where it will be in close relationship to the forceful 
jet of the left ventricular outflow tract, and where it 
will be more vigorously “cleaned” by the passing blood 
stream. 


TABLE 4. Estimation af Performance of Various Prostheses 


Thrombo- 

Prosthesis embolism Hemolysis 
Starr-Edwards x sk 
Magovern ee Pee 
Smeloff-Cutter EE fk AK 
Wada * RK 
Bjork-Shiley +* k*k 
Kay-Shiley x eK 
Kay-Shiley (Muscle Guard) * *k* 
Beall kk kk 

Cooley-Bloodwell- Cutter ** ** 
kkk E kk 


Cooley-Cutter 


Excellent **** 
Good re 
Fair aan 
Poor® s 


Hemodynamic Material 
Obstruction Regurgitation Failure Total 
* kkk kE 11 
* #26 Fkk 13 
** AK KK 15 
EK žk XE 11 
k*k eK *X 15 
Fk KEK * 11 
xk RK kk 11 
k*k KA eK 12 
** kk Kk 11 
RK ** *KKK 16 
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Fic. 2. Photograph of Cooley-Cutter valve viewed from the atrial 
surface showing the large eccentric sewing ring. 


Full-Orifice Opening 

This feature was first proposed in the SCDK valve 
and further improved by the Smeloff-Cutter valves.!! By 
placing the poppet inside the valve ring during the closed 
phase rather than seating it on top of the ring, as in most 
discoid prostheses, a larger orifice is achieved, thus 
reducing the obstruction to flow—a feature most advan- 
tageous in smaller sizes of prostheses. This requires a 
double cage to hold the poppet on course. The cages 
above and below the poppet are open, without crossing 
central parts which could collect fibrin or develop “stream- 
ers” on the ventricular side of the valve. The struts are 
positioned exactly on the edge of the ring to ensure being 
washed free of fibrin deposition (Fig. 1). Other types 
of disc valves with struts in an offset position have a ten- 
dency to collect fibrin at this point, and this provides a 
vulnerable emanating point for thrombosis and peripheral 
embolism. An advantage of the double-cage full-orifice 
principle results from the absence of “bounce” by the 
poppet during closure, as occurs in most single cage 
prostheses. In vitro studies in our laboratory reveal that 
the peripheral jet stream or leak holds the poppet on the 
struts from the moment of engagement. 


Self-Washing Principle 


A .002 to .004 inch margin between poppet and sew- 
ing ring is provided which permits a minor regurgita- 





* Cutter Laboratories, Fourth and Parker Streets, Berkeley. 
California 94710. . 

* Gulf Electronic Systems, P. O. Box 608, San Diego, California 
94710. 
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tion or leakage in the closed position (Fig. 2). The 
current of blood is sufficient to keep the interfaces 
between the poppet and metal fabric interface free of 
fibrin and permits ingrowth of endothelium to the edge 
of the metallic ring but no further. Destruction of blood 
cells would be anticipated if the ring were entirely fabric 
coated and this is prevented by the highly polished 
surfaces between the disc and ring. We have observed 
that maximum hemolysis may occur when a fine jet of 
blood under pressure rushes past an uncoated or non- 
endothelialized fabric surface and frequently appears 
with dehiscence of the sewing ring from the mitral 
annulus. Other valves which are completely cloth covered 
should have an increased incidence of postoperative 
hemolysis. 


Peripheral Flow 


While central flow through a prosthetic valve would 
more closely duplicate normal valvular anatomy and pro- 
vide unobstructed flow, from a practical standpoint uni- 
form peripheral flow through the prosthesis is probably 
more satisfactory, Since the deposition and overgrowth 
of fibrin, fibroblasts and endothelium begin on the 
periphery of the valve and then move centrally, 
placing the maximum stream of blood on the outer 
margins should prevent this complication. Prostheses us- 
ing a central flow principle must have a pivotal point 
peripherally and a short side to the tilting disc where 
deposition of fibrin may occur. The new prosthesis pro- 
vides an evenly distributed flow around the entire circum- 
ference of the poppet with motion of blood, both during 
systole and diastole. 





Fic. 3. Photograph of the valve with the holder in two parts. 
Note the plastic holder tip with the gripping arms which are 
inserted through the cage of the valve and remain in place until 
all sutures are securely tied. This prevents sutures encircling one 
of the struts. G 
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Valve Holder 


A specual holder was designed to facilitate placement 
and prevent looping of sutures over the struts while 
suturing the prosthesis in place (Fig. 3). The holder is 
in two parts which can be disconnected after the in- 
terrupted sutures are placed and while the surgeon ties 
the knots which secure the prosthesis in the annulus. 
The distal portion of the holder consists of an acetal 
homopolymer body and gripping arms, with a compress- 
ible silicone rubber tip to hold the disc in the open position 
while knots are being tied. After sutures are tied and cut, 
the holder may be easily removed by twisting or turning 
with the metal holder handle or a large hemostat. We 
have found that using alternating white and colored 
sutures facilitates handling and separation of the inter- 


rupted sutures (Fig. 4). 


In Vitro Testing 


The prosthesis was placed in a mock circulatory system 
and studies of pressure flow and flow patterns were con- 
ducted with resin particles in the circulating fluid (Figs. 
5 and 6). The pressure gradient in the M27 (27 mm) 
valve at a flow of 4.0 liters per minute was 14 to 15 mm. 
Hg. The average back flow was 2%. All measurements 
were made with an atrial pressure of 10 mm, Hg and an 
arterial pressure of 130/60 mm. Hg at 80 pulses per 
minute. The prosthesis continued to function normally at 
rates up to 120 pulses per minute... 

The light weight of the disc is approximately the same 
as the specific gravity of the liquid used in the mock 
circulatory system and flow patterns revealed that the 
valve was unusually responsive to changes in direction 
of flow. The valve permitted a high forward flow and 
small backward flow (Figs. 5 and 6). Each side of the 
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Fic. 4. Photograph of valve prosthesis inserted in the mitral an- 
nulus with simple interrupted 2—0 Dacron sutures. Sutures are 
alternately blue and white to facilitate their placement and tying. 
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Fıc. 5. Photograph of (a) Cooley-Cutter valve in pulse duplicator 
in the open position at maximum flow; (b) drawing of the same 
showing the peripheral flow pattern. 


disc was washed and the disc revolved at one revolution 
every 45 cycles (average). The vortex extended only 2 
cm. during maximum flow and quickly formed a smooth 
flow pattern (Fig. 5). No points of stagnation were 
found during these studies. 


Clinical Experience with New Mitral Valve 


From August 1971 to October 1972, a total of 137 
Cooley-Cutter full-orifice disc valves have been used 





Fic. 6. Photograph of (a) Cooley-Cutter valve in pulse duplicator 
in closed position showing the minimal regurgitant flow (less than 
2%); (b) drawing of the same showing minimal turbulence. 
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TABLE 5. Clinical Experience with New Mitral Valve Prostheses* 
Ey ie reer en 


Deaths 


Early % Late % 


Mitral Replacement Alone 78 0 0 
Mitral and Aortic (Bjork) 
Replacement 57 4 (7.5) 
Mitral and Tricuspid 
Replacement 2 1 (50.0) 
Total 9 Deaths (6.6%) 137 5 (3.6) 


* From August 13, 1971 to October 31, 1972 


Number 


4 (7.0) 


4 (3.6) 


to replace the mitral valve and one was used to replace 
the tricuspid valve (Table 5). No patients died after 
mitral valve replacement alone; eight died following 
combined mitral and aortic replacement (Bjork-Shiley 
prostheses used for aortic replacement), and one died 
after mitral and tricuspid valve replacement. A total of 
84 concomitant surgical procedures were performed in 
these patients including 12 patients who underwent simul- 
taneous saphenous vein aortocoronary bypass; 55, con- 
comitant aortic valve replacement; nine, simultaneous 


_ tricuspid annuloplasty; and individual patients who had 


repair of coarctation of the aorta, pericardiectomy, hiatus 
hernia and inguinal herniorraphy. Excluded from this 
series was a small group of patients in whom a defective 
bar of Titanium caused failure of a strut. One patient 
not included in this series required subsequent prosthetic 
valve replacement for this complication. In another pa- 
tient, the poppet was irregular and caused sticking. Re- 
covery followed replacement of the prosthesis at another 
operation. All patients were placed on anticoagulant 
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therapy after operation, using Coumadin and maintaining 
a prothrombin activity of 20 to 30% of normal. A few 
patients, unable to take anticoagulants because they 
were children, or had a history of peptic ulcer or previous 
bleeding complications, have been maintained success- 
fully on a combination of Persantine and Aspirin. Early 
embolic phenomena appeared in three patients, in all of 
whom it was difficult or impossible to determine whether 
the episode was due to air entrapment at operation 
or to fibrin. No late thrombosis or embolism has been 
reported from the patients, although a questionnaire has 
not been sent to the entire group. No significant hemclysis 
has occurred and no infections on the prosthesis were 
encountered. 

Eight patients died after operation, all having under- 
gone multiple cardiac operations or procedures (Table 
6). A technical error in replacement of the tricuspid 
valve was partially responsible for death of the patient 
undergoing tricuspid replacement (Case 1). One suture 
had encircled a strut on the ventricular side ‘of the 
prosthesis because of a mechanical problem with the valve 
holder. This defect in the holder was subsequently cor- 
rected. In Case 2, the patient had two previous mitral 
replacements elsewhere and entered our hospital with 
valve dehiscence and left ventricular failure. Emergency 
cardiopulmonary bypass without hypothermia resulted 
in ischemic contracture of the heart (“stone heart” ) 1735 
which was not reversible. Four patients died more than 
1 week after operation from myocardial failure, all of 
whom were in advanced functional class III or IV « New 
York Heart Association) before operation. 


TABLE 6. Causes of Death in Eight Patients Following Mitral Valve Replacement 





Patient No. Age & Sex Operation Survival Cause of Death 

1 47M MVR* & TVR* 6 days Heart block 

11/26/71 Pulmonary hypertension 
Technical error 

2 64M MVR & AVR* 1 day Ischemic contracture 
12/18/71 (“Stone heart”) 

3 64M MVR & ACB*-double 22 days Congestive failure 
12/28/71 Cardiac: arrest 

Pulmonary hypertension 

4 56F MVR & AVR 1 day Pulmonary hypertension 
3/24/72 Chronic C.V.I. 

5 39M MVR & AVR 9 days Myocardial infarction 
3/28/72 

6 48k MVR & AVR & TA* 8 days Congestive failure 
4/19/72 Coronary disease 

7 53F MVR & AVR 20 days Pulmonary hypertension 
4/20/72 Coronary disease 

8 64M MVR & TA. 4 days Congestive failure 
6/16/72 Coronary disease g 

* MVR = mitral valve replacement MVR & AVR & TA—1 


AVR = aortic valve replacement MVR & AVR —4 
TVR = tricuspid valve replacement MVR & TVR — Í 
TA = tricuspid annuloplasty MVR & TA -Í 
ACB = Aortocoronary bypass MVR & ACB = j 
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TABLE 7. Results of Cardiac Catheterization before and after Mitral Valve (Cooley-Cutter) Replacement 
Mitral Valve 
Pulmonary Artery Pulmonary Gradient 
D AN Mitral Pressure Capillary Wedge (mm Hg) 
Patient Age & Valve — - n  — = 
No. Sex Diagnosis Operation Size Preop Postop Preop Postop Preop  Postop Result 
1 10F MI* MVR M27 (4745 45 /20(30) 32 15 N D* 9** Good 
(rheumatic) 11/27/71 Ta 
2 33M IHSS* MVR M27 48/19(30) 30/12022) 27 12 13 t Excellent 
3/24/72 
3 45F MI MVR M24 90/48(68)  58/35(42) 35 29 15 0-2 Fair 
6/05/72 = on 
4 26F MI & AI” MVR & AVR M24 60/42(44) 60/35 ND 15 ND ND Good 
9/21/72 Bjork A21 
* MI = mitral insufficiency; IHSS = idiopathic hypertrophic subaortic stenosis; AI = aortic insufficiency. 


** Valve gradient postoperative measured during cardiac output 7.55 1/min. 


Cardiac catheterization after operation was performed 
in less than 10% of the patients but revealed satisfactory 
function of all prostheses (Table 7). In a 10-year-old 
girl who had severe mitral regurgitation before opera- 
tion an M27 valve was used and produced a 9 mm. gradi- 
ent across the valve at a cardiac output of 7.55 liters per 
minute, Other gradients in adults ranged lower than 5 
mm. Hg even in the size M24. Pulmonary capillary 
wedge pressures showed a substantial decrease in each 
patient. 


Discussion 


Since incidence of complications is significantly higher 
for mitral compared to aortic replacement, selection of a 
replacement for the mitral valve is a more exacting prob- 
lem. Thrombosis and embolism in the mitral position is 
more frequent because of the narrow differential pres- 
sure between the left atrium and left ventricle causing a 
slower forward flow of blood as compared to the left 





Cooley- 
Cutter mitral valve prosthesis. From left to right: M30, M27 and 
M24 corresponding to 30 mm., 27 mm. and 24 mm. internal 
diametr. 


Fic. 7. Photograph of three available sizes of the new 


ventricle and aorta. Homograft and heterograft valves 
have been used extensively in the aortic position and by 
some surgeons for mitral and tricuspid replacement maes 
30.81 Their principal advantage is the relative freedom 
from thromboembolism eliminating the need for anti- 
coagulants.”! Objections to the biological substitute, how- 
ever, include difficulty in procurement, proper preserva- 
tion and maintenance of sterility, technical problems with 
insertion of unstinted valves, late fibrosis and calcifica- 
tion with recurrence of valvular stenosis or incompe- 
tence,2:1%18.20.24.34 The stinted autogenous fascia lata 
valve as described by Ionescu and coworkers”! ai ANG 
promise of overcoming some of these objections, but in 
our experience fascia lata valves were uniformly unsatis- 
factory.” Thus, we believe that a properly designed 
mechanical prosthesis is the best solution to mitral valve 
replacement. Design and nonthrombogenic surfaces are 
of primary importance,” and medications to control 
thromboembolism are of secondary significance.** To this 
end we have designed a valve which has provided our 
patients an acceptably low operative risk and incidence 
of complications (Table 4). The advantages of this 





Fic. 8. Roentgenogram of chest 12 months after mitral valve 
replacement. A radio-opaque disc will be used in subsequent 
models. 
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prosthesis include ready availability in a range of sizes 
(24, 27 and 30 mm. internal diameter ) (Fig. 7), reliable 
sterilization by autoclaving, dependable performance 
without stenosis or regurgitation and fabrication from 
durable inert materials (Titanium, Pyrolite carbon and 
Teflon cloth). 

Since this prosthesis produces a low resistance to for- 
ward flow even in the M24 size, we recommend this size 
for patients with “pure” or uncomplicated mitral stenosis 
with a small left ventricular cavity. The surgeon should 
not attempt to place the largest prosthesis prossible be- 
cause it may lead to distortion of the annulus, stasis of 
blood and cardiac arrhythmias. The smaller prosthesis pro- 
vides an ample orifice, and an increased velocity of blood 
may help prevent build-up of fibrin around the periphery. 
Larger prostheses should be used in patients who have 
mitral regurgitation with a dilated annulus and enlarged 
left ventricular cavity. The feasibility of making the 
poppet or disc radio opaque is being considered in order 
that “cocking” or fixation of the disc can be easily recog- 
nized fluoroscopically (Fig. 8). 

This prosthesis has been used for mitral valve replace- 
ment as definitive treatment for idiopathic hypertrophic 
subaortic stenosis associated with mitral regurgita- 
tion.'’:'® The long-term results in these cases may eluci- 
date the pathogenesis of this unusual disease entity. 

A new aortic valve prosthesis has heen designed using a 
similar full-orifice design with a double open cage. A 
modified Pyrolite carbon disc is used which has a conical 
shape that reduces turbulence and provides better 
streaming of blood at high velocity than a simple flat disc. 


Summary 


Total replacement of severe acquired rheumatic and 
other valvular disease was performed in 3587 patients 
receiving 4325 prosthetic valves. Among these, 2373 were 
replacement of the aortic valve, 1877 the mitral and 75 
either the tricuspid or pulmonary valve. From this experi- 
ence various valve prostheses were graded according to 
performance. 

The most favorable features of each prosthesis were 


. incorporated into the design of a new mitral valve. The 


valve is composed of Titanium, Pyrolite carbon and 
Teflon cloth, has a low profile, large eccentric sewing 
ring, full-orifice opening, self-washing principle and peri- 
pheral flow. 

During a 14-month period ending October 1972 a total 
of 166 mitral valves were replaced with this prosthesis. 
No deaths occurred among 78 patients receiving a mitral 

„valve prosthesis alone, but seven died following com- 
bined mitral and aortic valve replacement and one after 
mitral and tricuspid valve replacement. 

Function of the valve has been satisfactory in the sur- 
vivors and the incidence of thromboembolic complications 
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is minimal. Anticoagulant therapy is nevertheless recom- 
mended for all patients after mitral valve replacement. 
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DISCUSSION 


Dr. ARTHUR C. BEALL, Jr. (Houston): We have also been 
interested in preventing thromboembolic complications of mitral 
valve replacement, based on similar data to that Dr. Cooley 
presented showing that this is the most dreaded complication of 
mitral valve replacement. In 1967, we developed a prosthesis with 
a Teflon disc and the entire base and sewing ring covered with 
Dacron velour, in an attempt to eliminate the cloth sewing ring 
to metal seat interface, as it is our opinion that most thrombo- 
embolic complications originate at that point. 

Since that time we have demonstrated in a one-to three-year 
follow-up of 202 patients a total thromboembolic rate of only 
4.5%. As Dr. Cooley has pointed out, valve design is a compro- 
mise—a compromise in which one attempts to include the ako 
number of favorable factors and eliminate the largest number 
of unfavorable factors. No valve will ever be perfect, at least 
not with our current materials. It is my opinion that you cannot 
eliminate thromboembolic complications completely, but if you 
can lower them to within the same range you might expect with 
mitral annuloplasty, then you have a prosthésis that is acceptable. 

This extremely low incidence of thromboembolic complications 
with our prosthesis has been confirmed by Vogel and the group 
from Denver, Greenberg and the group from Miami Beach, 
Ankeney and the group from Cleveland, Stanford and the group 
from San Antonio, Ramsey and the group from Gainesville, 
Morse and Nichols and their group from Philadelphia, and several 
others, and more than 12,000 of these prostheses have been 
inserted. l 

In an attempt to find more durable materials, we have also 
gone to the use of Pyrolite carbon. The prosthesis is identical 
to our previous one, but with Pyrolite carbon used for both the 
disc and the cage legs. | 

` Implantation studies in calves demonstrated tissue encapsula- 
tion of the entire base and sewing ring of the prosthesis, with 
only the electronegative disc and cage legs remaining in the 
blood stream. 

Scanning electron microscopic wear analysis of prostheses 
` removetl from calves at intervals up to 1 year after implantation 

: 
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demonstrated that in 12 months there had been less than 0.8% 
penetration of the carbon, which predicts 140 years to wear 
through the carbon coating. 

Beginning in June of 1971, at Baylor in Houston, at Mount 
Sinai in Miami Beach, and at Case Western Reserve in Cleve- 
land, 175 patients received one or more of these prostheses. 

Among 100 patients undergoing isolated mitral valve replace- 
ment, there have been no fatal and only three nonfatal thrombo- 
embolic complications. . 

The total number of thromboembolic complications in the 
entire group of 175 patients was only four. There was one fatal 
thromboemoblic complication, in which an embolus from the 
left atrial apperdage occluded the prosthesis. This would appear 
unrelated to the type of prosthesis. Incidentally, during this 
same period, cne patient died of cerebral hemorrhage from 
taking anticoagulants, and it is our opinion that these patients 
should not be anticoagulated. 

There were only three nonfatal thromboembolic complica- 
tions, two cerebral emboli with spontaneous recovery and one 
clotted prosthesis that was successfully re-replaced. This last 
patient probably had experienced endocarditis, which may have 
precipitated the thromboembolic complication. | 

In other words there have been only four thromboembolic 
complications among 175 clinical cases. We think, therefore, 
that this prosthesis, designated Model 105, offers significant 
advantages over those previously available. 


Dr. Denron A. Cootry (Closing): Let me thank Dr. Beall 
for his remarks. As he knows, I had much to do with the early 
development of his valve. 

My experience with the Beall valve has been that in attaining 
a low incidence of thromboembolic complication, one must ac- 
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cept a higher incidence of hemolysis after implantation of totally - . 


cloth-covered valves. If this cloth ring does not become com- 
pletely and uniformly endothelialized, and if as the poppet closes 
there is a forceful jet stream of blood passing across an un- 
endothelialized Dacron surface although it is only 2 or 3 mm 
in size, significant hemolysis may result, 
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On the surgical 
service... 








amajor problem 





Gram-negative bacteria magnified 10,000 times—co/or-tinted 
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Commonly encountered 


pathogens on the surgical 
service 
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Escherichia coli* 






67% Proteus, indole-negative* 


Proteus, indole-positiveé 


Pseudomonas aeruginosa* 


i 
Klebsiella pneumoniae* 
a 3%  Klebsiella-Enterobacter-Serratia* | 
ee | 


Klebsiella, all others* 


All other gram-negative organisms 


Gram- 13% Staphylococcus aureus* 
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5% Staphylococcus, all others 





11% Streptococcus, all others 

2% Streptococcus, beta-hemolytic | 

i 

2% All other gram-positive organisms | 

Total pathogens 3,492 *GARAMYCIN Injectable is effective against | 
Source: Gosselin Audit of Pathology Cultures—1971 susceptible strains of the pathogens indicated. — 
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A highly appropriate 
seamen tor today’s problem 


pathogens 


GARAMYCIN Injectable offers a high ; 
probability of effectiveness against susceptible 
strains of seven out of seven major gram- 
negative pathogens. These are: 


Escherichia coli 

Proteus, indole-negative 
Proteus, indole-positive 
Pseudomonas aeruginosa 
Klebsiella 

Enterobacter species 
Serratia 


GARAMYCIN Injectable has also been shown 
to be effective in serious staphylococcal infec- 
tions. It may be considered in those infections 
when penicillins or other less potentially toxic 
drugs are contraindicated and bacterial 
susceptibility testing and clinical judgment 
indicate its use. 


Start with Garamycin 


@ Broad gram-negative spectrum | 
Because of its broad gram-negative spectrum and its 
well-established clinical efficacy, GARAMYCIN Injectable 
can be considered for initial therapy in suspected as 
well as documented gram-negative sepsis. 


Stay with Garamycin 


@ Susceptibility of causative organisms confirmed 
The results of susceptibility tests will, in most cases, 
demonstrate the causative organisms’ sensitivity to 
GARAMYCIN Injectable. However, the decision to 
continue therapy with this drug should also be based on 
the severity of the infection and the important additional 
concepts contained in the Warning Box. 


E Relatively low incidence of adverse reactions 

Risk of toxic reactions is low in patients with normal 
renal function who do not receive GARAMYCIN Injectable 
at higher doses or for longer periods of time than 
recommended. 


@ Bacterial resistance has not been a problem 

In the laboratory, resistance has been demonstrated 

to develop slowly in stepwise fashion. No one-step 
mutations to high resistance have been reported to date. 
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sulfate 





In gram-negative septicemia, peritonitis, 40 mg.per cc. 
postoperative pneumonia, and urina ry gentamicin sulfate equivalent 
tract infections’ , 


*Due to susceptible organisms 


WARNING 

Patients treated with GARAMYCIN Injectable should be 
under close clinical observation because of the 
potential toxicity associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur 
in patients, primarily those with pre-existing renal 
damage, treated with GARAMYCIN Injectable, usually 
for longer periods or with higher doses than 
recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, 
and this should be kept in mind when it is used in 
patients with pre-existing renal impairment. 

Monitoring of renal and eighth nerve function is 
recommended during therapy of patients with known 
impairment of renal function. This testing is also 
recommended in patients with normal renal function at 
onset of therapy who develop evidence of nitrogen 
retention (increasing BUN, NPN, creatinine or oliguria). 
Evidence of ototoxicity requires dosage adjustments 


or discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal 
dialysis or hemodialysis will aid in removal of 
gentamicin from the blood. 

Serum concentrations should be monitored when 
feasible and prolonged concentrations above 12 mcg./ 
ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephro- 
toxic drugs, particularly streptomycin, neomycin, 
kanamycin, cephaloridine, viomycin, polymyxin B, and 
polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin with potent 
diuretics should be avoided, since certain diuretics by 
themselves may cause ototoxicity. In addition, when 
administered intravenously, diuretics may cause a rise 
in gentamicin serum level and potentiate neurotoxicity. 
USAGE IN PREGNANCY Safety for use in pregnancy 
has not been established. 





See Clinical Considerations section which follows... 
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In gram- 
and urinary tract infections* 


GARAMYCIN® Injectable, brand of gentamicin 
sulfate U.S.P., injection, 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent 
to 40 mg. gentamicin 

For Parenteral Administration 




















































WARNING 
Patients treated with GARAMYCIN Inject- 
able should be under close clinical 
observation because of the potential 
toxicity associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, 
can occur in patients, primarily those 
with pre-existing renal damage, treated with 
GARAMYCIN Injectable, usually for 
longer periods or with higher doses than 
recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in mind 
when it is used in patients with pre-existing 
renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy of 
patients with known impairment of renal 
function. This testing is also recommended 
in patients with normal renal function at 
onset of therapy who develop evidence of 
nitrogen retention (increasing BUN, NPN, 
creatinine or oliguria). Evidence of ototox- 
icity requires dosage adjustments or 
discontinuance of the drug. 

In event of overdose or toxic reactions, 
peritoneal dialysis or hemodialysis will aid 
in removal of gentamicin from the blood. 

Serum concentrations should be moni- 
tored when feasible and prolonged 
concentrations above 12 mcg./ml. should 
be avoided. 

Concurrent use of other neurotoxic 
and/or nephrotoxic drugs, particularly 
streptomycin, neomycin, kanamycin, cepha- 
loridine, viomycin, polymyxin B, and 
polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin with 
potent diuretics should be avoided, since 
certain diuretics by themselves may Cause 
ototoxicity. In addition, when administered 
intravenously, diuretics may cause a rise in 
gentamicin serum level and potentiate 
neurotoxicity. 

USAGE IN PREGNANCY Safety for use 
in pregnancy has not been established. 


INDICATIONS GARAMYCIN Injectable is 
indicated, with due regard for relative toxicity of 
antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following 
microorganisms: 

Pseudomonas aeruginosa, Proteus species 
(indole-positive and indole-negative), Escherichia 
coli and Klebsiella-Enterobacter-Serratia species. 

Clinical studies have shown GARAMYCIN 
Injectable to be effective in septicemia and serious 
infections of the central nervous system (meningitis), 
urinary tract, respiratory tract, gastrointestinal tract, 
skin and soft tissue (including burns). 

Bacteriologic tests to determine the causative 
organisms and their susceptibility to gentamicin 
should be performed. 


*Due to susceptible organisms 


negative septicemia, peritonitis, postoperative pneumonia, 


Selering 


Garamvycin 


ntamicin 
ghltate 


Also available: 
GARAMYCIN® Pediatric Injectable, 10 mg. per cc. 





Bacterial resistance to gentamicin develops slowly 
in stepwise fashion; there have been no one-step 
mutations to high resistance. 

In suspected or documented gram-negative 
sepsis, GARAMYCIN may be considered as initial 
therapy. The decision to continue therapy with this 
drug should be based on the results of susceptibility 
tests, the severity of the infection, and the important 
additional concepts contained in the Warning Box. 
In the neonate with suspected sepsis or staphylo- 
coccal pneumonia, a penicillin type drug is usually 
indicated as concomitant antimicrobial therapy. 

GARAMYCIN Injectable has been shown to be 
effective in serious staphylococcal infections. It 
may be considered in those infections when peni- 
cillins or other less potentially toxic drugs are 
contraindicated and bacterial susceptibility testing 
and clinical judgment indicate its use. 
CONTRAINDICATIONS A history of hypersensi- 
tivity to gentamicin is a contraindication to its use. 
WARNINGS See Warning Box. 

PRECAUTIONS Neuromuscular blockade and 
respiratory paralysis have been reported in the cat 
receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in 
man should be considered if gentamicin is admin- 
istered to patients receiving neuromuscular blocking 
agents such as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in over- 
growth of nonsusceptible organisms. If this occurs, 
appropriate therapy is indicated. 

ADVERSE REACTIONS 

Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising BUN, NPN, serum creatinine and 
oliguria, have been reported. They occur more 
frequently in patients with a history of renal impair- 
ment treated with larger than recommended dosage. 

Neurotoxicity: Adverse effects on both vestibular 
and auditory branches of the eighth nerve have 
been reported in patients on high dosage and/or 
prolonged therapy. Symptoms incluce dizziness, 
vertigo, tinnitus, roaring in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, and 
convulsions have also been reported. 

Note: The risk of toxic reactions is low in patients 
with normal renal function who do not receive 
GARAMYCIN Injectable at higher doses or for 
longer periods of time than recommended. 

Other reported adverse reactions, possibly related 
to gentamicin, include increased serum transami- 
nase (SGOT, SGPT), increased serum bilirubin, 
transient hepatomegaly, decreased serum calcium; 
splenomegaly, anemia, increased and decreased 
reticulocyte counts, granulocytopenia, thrombocy- 
topenia, purpura; fever, rash, itching, urticaria, 
generalized burning, joint pain, laryngeal edema; 
nausea, vomiting, headache, increased salivation, 
lethargy and decreased appetite, weight loss, 
pulmonary fibrosis, hypotension and hypertension. 
DOSAGE AND ADMINISTRATION GARAMYCIN 
Injectable may be given intramuscularly or 
intravenously. 

For Intramuscular Administration: 

PATIENTS WITH NORMAL RENAL FUNCTION* 

Adults: The recommended dosage for 
GARAMYCIN Injectable for patients with serious 
infections and normal renal function is 3 mg./kg./ 
day, administered in three equal doses every 
8 hours. 

For patients weighing over 60 kg. (732 Ib.), the 
usual dosage is 80 mg. (2 cc.) three times daily. 
For patients weighing 60 kg. (132 Ib.) or less, the 


injectable 


40 mg.percc. 


Each cc. contains 
gentamicin sulfate equivalent 
to 40 mg. gentamicin 


usual dose is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dos- 
ages up to 5 mg./kg./day may be administered in 
three or four equal doses. This dosage should be 
reduced to 3 mg./kg./day as soon as clinically 
indicated. 

*In children and infants, the newborn, and 
patients with impaired renal function, dosage must 
be adjusted in accordance with instructions set 
forth in the Package Insert. 

For Intravenous Administration: 

The intravenous administration of GARAMYCIN 
Injectable is recommended in those circumstances 
when the intramuscular route is not feasible (e.g., 
patients in shock, with hematologic disorders, with 
severe burns, or with reduced muscle mass). 

For intravenous administration, in adults, a single 
dose of GARAMYCIN Injectable may be diluted in 
100 or 200 cc. of sterile normal saline or in a sterile 
solution of dextrose 5% in water; in infants and 
children, the volume of diluent should be less. The 
concentration of gentamicin in solution, in both 
instances should normally not exceed 1 mg./cc. 
(0.1%). The solution is infused over a period of 
1 to 2 hours. 

The recommended dose for intravenous adminis- 
tration is identical to that recommended for intra- 
muscular use. 

GARAMYCIN Injectable should not be physically 
pre-mixed with other drugs, but should be adminis- 
tered separately in accordance with the recom- 
mended route of administration and dosage 
schedule. 

HOW SUPPLIED GARAMYCIN Injectable, 40 mg. 
per cc., 2 cc. multiple-dose vials for parenteral 
administration. 

Also available, GARAMYCIN Pediatric Injectable, 
10 mg. per cc., 2 cc. multiple-dose vials for 
parenteral administration. APRIL, 1972 

AHFS Category 8:12.28 


For more complete prescribing details, consult 
Package Insert or Physicians’ Desk Reference. 
Schering literature is also available from your 
Schering Representative or Professional Services 
Department, Schering Corporation, Kenilworth, 
New Jersey 07033. 


SLR-299 








NEw. an tyr 


(Collagenase) i 


digests debris and g collagen that anchors it 


A better beginning 
for the treatment of dermal ulcers 
E PN and burns 
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to all common proteolytic en- 
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burn eschar and necrotic de- | 

Dris that must often be removed | Nursing home affiliation 
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before healing can take place 
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“Santyl: new for dermal ulcers and burns 


A cleaner base to build on promotes better healing in the end ” 


Necrgtic material With Santy| 

is usually Ges i 

anchored to the ; a are = 

asnan doii by E5, healing have been 
O { reported to 

undenatured t 


proceed rapidly?-? 
A markedly reduced 
incidence of 
hypertrophic 


collagen. Until 
these collagenous 
strands are 


severed, scarring reported 
debridement Is with Santyl is 
incomplete, believed to be 


granulation is due to the fact 





slowed, and NO that epithelization x 
supportive base IS proceeds from a 
available for completely 
epithelization! Artist's conception of healing decubitus ulcer debrided base! 
Indications: Santyl Ointment is indicated for debriding dermal ulcers and se- any film and digested material. 

verely burned areas. In other types of necrotic skin lesions reports on the use (2) Whenever infection is present, as evidenced by positive cultures, pus. inflam- 
of Santy! Ointment have been limited to clinical observations without controls. mation or odor, it is desirable to use an appropriate topical antibacterial agent. 
Contraindications: Application is contraindicated in patients who have shown Neomycin-Bacitracin-Polymyxin B (Neosporin) has been found compatible with 
local or systemic hypersensitivity to Collagenase. Santyl Ointment. This antibiotic should be applied to the lesion in powder form 
Precautions: The enzyme's optimal pH range is 7 to 8. Lower pH conditions or solution prior to the application of Santyl Ointment. Should the infection not 
have a definite adverse effect on the enzyme’s activity, and appropriate respond, therapy with Santyl Ointment should be discontinued until remission 
precautions should be taken. of the infection. 


(3) Santyl Ointment should be applied (using a wooden tongue depressor or 
spatula) directly to deep wounds, or, when dealing with shallow wounds, to a 
sterile gauze pad which is then applied to wound. The wound is covered with 
sterile gauze pad and secured with clear tape or Kling bandage. 


The enzymatic activity is also adversely affected by detergents and hexachloro- 
pheneé and heavy metal ions such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have been used, the site should 
be carefully cleansed by repeated washings with normal saline before Santyl 


Ointment is applied. Soaks containing metal ions or acidic solutions such as (4) Crosshatching thick eschar with a #11 blade is helpful. It is also desirable 

Burow’s solution should be avoided because of the metal ion and low pH. to remove as much loosened detritus as can be done readily with forceps and 
E Cleansing materials such as hydrogen peroxide or Dakin’s solution do not inter- Scissors. 

fere with the activity of the enzyme. (5) All excess ointment should be removed each time dressing is changed. 

Debilitated patients should be closely monitored for systemic bacterial infec- (6) Use of the ointment should be terminated when sufficient debridement of 

tions because of the theoretical possibility that debriding enzymes may increase necrotic tissue has taken place. 

the risk of bacteremia. Overdose: Action of the enzyme may be stopped, should this be desired, by the 

The ointment should be confined to the area of the lesion in order to avoid the application of Burow’s solution U.S.P. (pH 3.6-4.4) to the lesion. 

risk of irritation or maceration of normal skin. ` How Supplied: Santy! Ointment contains 250 units of Collagenase enzyme per ey 

A slight erythema has been noted occasionally in the surrounding tissue par- gram of white petrolatum U.S.P. The potency assay of Collagenase is based on 

ticularly when the enzyme ointment was not confined to the lesion. This can be the digestion of undenatured collagen (from bovine Achilles tendon) at pH 7.2 

readily controlled by protecting the healthy skin with a material such as Lassar’s and 37°C. for 24 hours. The number of peptides cleaved are measured by reac- 

paste. tion with ninhydrin. Peptides released by a trypsin digestion control are sub- 


tracted. One net Collagenase unit will solubilize ninhydrin reactive material 


Since the enzyme is a protein, sensitization ma develop with prolonged use : ; A 
Y p y P P 9 equivalent to 4 micromoles of Leucine. 


although none has been observed to date. 
c i 1. Boxer A M et al: Geriatrics, July 1969. 2. Haimovici H and Strauch B: in Mandl 
cae a Adverse reactions to Collagenase have not been noted when Ines (ed): Collagenase, Gordon and Breach, New York, 1972, p. 177. 3. Bardfeld 
` l i ; L A: op cit, p. 191. 4. Varma A O et al: Surg. Gynec. Obstet. 136:281, Feb. 1973. 
Dosage & Administration: Santyl Ointment should be applied once daily (or 
once every other day in the case of outpatients) in the following manner. 





(1) Prior to application the lesions should be gently cleansed with a gauze pad A free in-service educational program on the use of Santyl will be provided upon 
saturated in normal saline, buffer (pH 7.0-7.5) or hydrogen peroxide to remove request. 
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for Bronchopulmonary Mucolysis 


NEW CLINICAL 
EVIDENCE REVEALS: 


A FAR GREATER 
DIFFERENCE BETWEEN 
MUCOMYST cemcrstne 
AND SALINE THAN 


EVER SHOWN BEFORE... 























*Data on file, Medical Research Department, Mead Johnson 
Research Center, Evansville, Indiana. 
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for bronchopulmonary mucolysis 


new double-blind cross-over 
investigations” confirm: 


— MUCOMYST ocom 
C HIGHLY EFFECTIVE 


SALINE HIGHLY 
INEFFECTIVE 













BRIEFLY... 
Acompilation of studies compared saline’ and Mucomyst* 


Diagnoses of stable chronic obstructive lung diseases inclu 
bronchitis, emphysema, and emphysema with bronchitis 
Investigation thoroughly covered the areas of safety, pulmonary function, sputum 
volume and viscosity, subjective symptoms, and sputum cytology 


Detailed analysis of the results in one study with 24 patients demonstrated that 
i i actually worsened with normal saline and 


% Mucomyst 


in a total of 153 patients 


ded chronic asthmatic 










edical Research Department, Mead Johnson Research Center, Evansville, Indiana. 
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bined with isoproterenol. 
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COUGH FREQUENCY SPUTUM VISCOSITY Pp 
at first decreased, then increased increased with saline...significantly 
with saline...consistently reduced thinner with Mucomyst 


Wii Mucomyst EXPIRATORY PHASE 
PROLONGATION 
a good index of airways obstruction— 
WHEEZE SEVERITY increased or remained unchanged 
increased with saline...significantly with saline...significantly reduced 
reduced with Mucomyst with Mucomyst 


One double-blind cross-over study which included analysis of 52 variables 
compared the effects of one week of normal saline therapy with the effects of one 
week of 10% Mucomyst in each of 24 patients. 


While large changes cannot be expected after one week's therapy in patients 
with stable chronic obstructive lung disease, of the variables that changed 
significantly with saline therapy, more worsened 
than improved. However, of the variables that 
changed significantly with Mucomyst, the 
great majority were improvements in the 
patients’ status. 


CONCLUSIONS 

e Mucomyst decreases sputum viscosity—saline at best effects no change 

e Mucomyst reduces frequency of cough and severity of wheezing —saline 
increases them 


e Mucomyst reduces the length of the expiratory phase —saline causes no change 
or increases it 


Therapeutic compatibility of Mucomyst with isoproterenol and other broncho- 
dilators has been demonstrated in double-blind controlled studies totaling 134 
patients. No untoward effects requiring cessation of Mucomyst therapy were 
reported in these patients. 


MUCOMYST (acericrstene 


Indications: Mucomyst has been demonstrated to be Clinically effective as adjuvant therapy in a wide range of conditions in which 
thick, viscous mucus is a problem, including: postoperative atelectasis and pneumonia; chronic bronchopulmonary disease (emphy- 
sema, chronic bronchitis, asthmatic bronchitis, and bronchiectasis): acute bronchopulmonary disease (pneumonia, bronchitis, and 
tracheobronchitis); tracheostomy care; facilitation of bronchial studies: maintenance of an open airway during anesthesia; and to help 
control pulmonary complications of cystic fibrosis. Contraindications: Mucomyst is contraindicated in those patientswho are sensitive to it. 
Warnings: After proper administration of acetylcysteine, an increased volume of liquefied bronchial secretions may occur. When cough is inadequate, the 
open airway must be maintained by mechanical suction if necessary. When there is a large mechanical block due to foreign body or local accumulation, the 
airway should be cleared by endotracheal aspiration, with or without bronchoscopy. Asthmatics under treatment with Mucomyst should be watched carefully. If 
bronchospasm progresses, this medication should be immediately discontinued. Adverse Effects: Adverse effects have included stomatitis, nausea 
and rhinorrhea. Sensitivity and sensitization to Mucomyst have been reported very rarely. A few susceptible patients, particularly asth- 
matics (see Warnings), may experience varying degrees of bronchospasm associated with the administration of nebulized acetyicysteine. 
Most patients with bronchospasm are quickly relieved by the use of a bronchodilator given by 


nebulization. Administration: Mucomyst may be administered by nebulization into a tent, Croup- 
ette, face mask, or mouthpiece, or by direct instillation. Mucomyst should not be placed directly iato the Me d 
chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and compatibility | | | 


are included in the package insert. Additional information may be obtained from Mead Joħnson 


Laboratories. Supplied: Mucomyst” -10 (acetylcysteine) a sterile 10% solution in vials of 10 ml. and30 LABORAT ORIES 
ml.: Mucomyst* (acetyicysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. 
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Made of 4-ply quilted cotton gauze with 
X-ray detectable element sewn into each sponge. 
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Pre-sterilized—always ready when you need them. 
Double wrapped —for aseptic removal. 


Disposable—to reduce the incidence 
of cross contamination. 


Available in 4 sizes, with or without ring. 


Write us for a sample and prices 


SPARTA INSTRUMENT CORPORATION 
305 FAIRFIELD AVENUE / FAIRFIELD, N.J. O07006 / (200 575-1344 
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The Original 


GRAY’S 
ANATOMY 


New 35th British Edition 


The direct descendant of the original Gray’s Anatomy first 
published in 1858—regarded as the landmark anatomy text by 
generations of students and physicians. It's completely unique 
in character, coverage and content. Organized by systems with 
histology integrated throughout—updated data on embryol- 
ogy—hundreds of instructional photographs, line drawings 
and microscopic views, many in full color. You'll find the new 
35th edition of the British Gray the most definitive anatomy 
text you can own. 





Edited by Roger Warwick, Ph.D., M.D., and Peter L. Williams, D.Sc., M.B., both 
Profs. of Anatomy, Guy's Hospital Medical School, Univ. of London. About 
1500 pp. Extensively illustd. About $32.00. Just Ready. 

Distribution Rights Limited to the United States. 


Neurosurgical Contributions of Loyal Davis 
Selected Papers & Retrospective Commentaries 


Compiled by Richard A. Davis, M.D., Dept. of Neurosurgery, Univ. of 
Pennsylvania School of Medicine. 


A collection of 15 landmark papers by Dr. Davis, chosen by his 
friends and associates. The articles span 30 years of practice, 
and include three written with Harvey Cushing, three arising 
from care of the wounded in World War Il, and others relating to 
management of hypertension, parkinsonian tremor and rig- 
idity, and early radioisotopic techniques for brain tumor 
localization. 

About 336 pp. 189 figs. About $20.00. May. 
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PAFF: 
Anatomy of the Head and Neck 


An ideal anatomical framework for the otologist, oral surgeon, 
ophthalmologist, laryngologist, or any specialist involved with 
the head and neck. Dr. Paff reviews each anatomic feature in- 
dividually in concise text and line drawings. Careful use of rep- 
etition provides the reader with various ways of conceptu- 
alizing anatomic elements. 


By George H. Paff, Ph.D., Univ. of Miami School of Medicine. About 250 pp., 360 
figs. About $14.00. May 


The Surgical Clinics of North America 
June 1973: 


Personal Preference in Surgery 
Harry S. Goldsmith, M.D., Guest Editor 


This month’s symposium brings together 40 contributors from 
Jefferson Medical College, who examine the rationale for 
choosing various surgical methods and practices. Included in 
this wide-ranging issue are articles on anesthesia, treatment of 
hernia, vesico-enteric fistulas, complementary tube cecos- 
tomy, diagnostic surgical procedures in pulmonary disease, 
thermal injuries, hepatic resection—24 in all. 


Published bimonthly. Av. 275 pp. Illustd. Hardbound. No advertising. Yearly 
subscription of six consecutive numbers, $21. 


The Orthopedic Clinics of North America 
July 1973: 


Sports Injuries 
H. Royer Collins, M.D., Guest Editor 


This unique issue of the Orthopedic Clinics presents papers 
written by 21 authorities in a variety of areas of sports med- 
icine. Here you'll find timely insights into the pathophysiology 
of epiphyseal injuries, throwing injuries of the elbow, shoulder 
instability, jumper’s knee, cuff tears and common hand in- 
juries. Other articles investigate biomechanics of running, 
throwing mechanisms, spinal injuries and arthrography—15 
in all. 


Published quarterly. Av. 225 pp. Illustd. Hardbound. No advertising. Yearly sub- 
scription of four consecutive numbers, $30. 


iy W. B. SAUNDERS COMPANY 


West Washington Square, Philadelphia, Pa. 19105 


Please send & bill me: 


[] 9127 Warwick: Gray's Anatomy 35th Ed—About $32.00 


|} 7041 Paff: Anatomy of Head & Neck—About $14.00 
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_] Enroll me in the Orthopedic Clinics 7/73—$30.00 
[] Send me a free 1973 Saunders catalog. 
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FLUOTHANE 
OVER 100 MILLION 
DMINISTRATIONS 


In 16 years of use inthe United States, 
FLUOTHANE (halothane) has beenad- . . 
ministered over 100 million times in a wide 
variety of surgical procedures. 100 million 

..extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first Introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 


® your Ayerst Representative. 


(HALOTHANE) 


@ nonflammable, nonexplosive 

@ permits use of high concentrations of 
oxygen 

@ allows free use of cautery for more 
adequate control of bleeding 

e minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

è early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
@ lessens airway problems 

è permits rapid adjustment of depth of 
anesthesia 
@ emergence is rapid and tranquil with _ 
quick recovery of protective reflexes 

@ minimal nausea and vomiting, SORTIR 
recovery room stay 


A t See last page of advertisement 
®| for prescribing information. 
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FLUOTHANE 


‘brand of halothane 
the most widely used 
inhalant anesthetic 


from 


for precision, experience, 
quality, and service 


(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 





F Br 
Fre—_ C—C Cl 

rf 

F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5 at 37° C., and 
the olive oil/ water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along-with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
Vaporizer, make certain all the diethyl 


_. ether has been removed before reusing 


~ the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 


se a 
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rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. — 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, /.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. | 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogenated agent. 


The uterine relaxation obtained with 
FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 


Ayerst AYERST LABORATORIES 


New York, N.Y. 10017 


FLUOTHANE® (halothane) is available 
in the United States by arrangement with 
Imperial Chemical Industries Ltd. 7317 
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rauma of harsh cathartics 






A 900-patient study* has demonstrated that 
bowel cleansing with a combination of Laxsil® and 
Orange juice, unlike purging with harsh cathartics, 
results in “...anon-irritating watery stool... with- 
out electrolyte, protein or excessive fluid loss.” 

Evaluations of rectal smears taken from each 
of the 900 patients to determine evidence of mucosé¢ 
trauma showed that 99% had a “good” to ‘‘excel- 
lent” response. The study showed that while the 
magnesium hydroxide component of Laxsil pro- 
vided gentle evacuation of solids, the inclusion of 
the simethicone in the formula overcame the visua 
distortion normally caused by entrapped gas. 
Simethicone also prevented adherence of stool pa 
ticles to the bowel wall, eliminating the need for 
cleansing enemas. 

For non-injurious evacuation of the G.I. tract, 
and to avoid visual distortion caused by entrapped 
gas and adhesion of stool particles to the bowel 
wall, Laxsil with orange juice is clearly an improve 
method of preparing the G.I. tract for roentgenog- 
raphy. 

* Marks, M. M. and Mason, W. E.: Improved Methods of Preparing the 


Gastrointestinal Tract for Roentgenography. Abdominal! Surgery, 14:1 
Sept. 1972. 


an improved method of 
evacuating stool and gas 


Laxsil icva 


Each tablespoon (15 ml.) contains 1.25 gm. magnésium hydroxide ` 
a ee S 4 N.F. and 100 mg. ane simethicone in a pleadgatly flavored 
° Oe, E See aa . fm liquid suspension. Available in 8 fl. oz. bottles. 
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When life 
hangs on protein intake... 


FreAmine is life-supportivez 








mixed ina 1 to 1 ratio with 50% dextrose 
in water, FreAmine provides 6.25 g. of 
completely utilizable nitrogen and 
39 g. of protein equivalent per 
1,000 ml, plus 850 total non- 


protein calories. 


FreAmine is the most concentrated 
parenteral source of amino acids 
obtainable for the prevention 
and treatment of negative nitro- 
gen balance. It is a unique mix- 
ture of 8 essential and 7 non- 
essential amino acids, in 
pure crystalline form to in- 
sure immediate biologic 
availability without sig- 
nificant waste. 


























FreAmine is furnished in a 
ready-to-mix kit containing 
everything necessary for 
N basic hyperalimenta- 
tion, including 50% dex- 
trose in water. Find out 
more about how McGaw ey 
puts it all together — with i 
life-supporting I.V. nutrition s 
in convenient kit form. 
Contact your McGaw repre- 
sentative or write for 
free brochure. 


N 


FreAmine promotes 
anabolism and tissue 
synthesis even during 
extended periods of I.V. 
nutrition. Its formula 
is based on the two 
international protein 
standards. When 


N 
\ 
* 
With adequate calories and 


other nutrients, when oral 
alimentation is not feasible for 
- prolonged periods and/or 
* there is impaired gastro- 
intestinal absorption of protein. 





McGaw puts it all together. 
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A Suppg*ts life with pure crystallin mino acid s.\.preve and treats negative nitrogen balance=* P 


Sf 


DESCRIPTION: Each 100 ml. contains: FreAmine Amino Acid 
Mixture®, 8.5 g; Sodium Bisulfite, U.S.P., less than 0.10 g.; Water 
for Injection, U.S.P. q.s., pH adjusted with acetic acid (approxi- 
mately 20 mEq./1. Acetate). 
Approximate concentration of amino acids (g./100 ml.): 
Essential Amino Acids: t-Isoleucine 0.59; t-Leucine 0.77; t-Lysine 
HCl 0.77; Methionine 0.45; t-Phenylalanine 0.48; -Threonine 
0.34; t-Tryptophan 0.13; t-Valine 0.56. 
Nonessential Amino Acids: -Alanine 0.60; L-Arginine 0.31; 
t-Histidine 0.24; t-Proline 0.95; t-Serine 0.50, Aminoacetic Acid 
(Glycine) 1.8; t-Cysteine + HC] * H2O <0.02. Alpha amino nitro- 
gen greater than 80% of total nitrogen present. Concentration of 
Electrolytes (mEq./1.): Sodium 10, Chloride 45. 
8.5% FreAmine Solution is a sterile, nonpyrogenic solution con- 
taining pure crystalline amino acids. A 500 ml. unit provides a 
total of 39 g. of protein equivalent and 6.25 g. of nitrogen. 
ACTIONS: 8.5% FreAmine Solution provides, in concentrated 
form, a physiological ratio of completely utilizable amino acids 
for protein synthesis, Used with concentrated carbohydrate solu- 
tions, e.g., 20 to 50% dextrose solutions, as a source of calories 
plus electrolytes and vitamins, it provides total parenteral nutri- 
tion. 
INDICATIONS: As an adjunct in the prevention of nitrogen loss, 
or in the treatment of negative nitrogen balance in patients 
where: (1) oral alimentation is not feasible for prolonged periods, 
and (2) there is impaired gastrointestinal absorption of protein. 
CONTRAINDICATIONS: 1. Anuria. 2. Hepatic coma. 
WARNINGS: Administration of amino acids to a patient with 
hepatic or renal insufficiency may result in a rise in blood am- 
monia or urea nitrogen. Rare instances of typically asymptomatic 
hyperammonemia have been reported in patients with no evi- 
dence of liver dysfunction receiving total parenteral nutrition. 
Since it appears dose-related, and more likely to develop in in- 
fants on prolonged total parenteral nutrition. conservative doses 
of amino acids should be given and blood ammonia periodically 
measured. If symptomatic hyperammonemia should develop, the 
nitrogen-containing solution should be discontinued and the pa- 
tient’s clinical status reevaluated. 
The safe use of FreAmine in pregnant women has not been 
demonstrated. 
PRECAUTIONS: It is essential to provide adequate calories for 
utilization of amino acids. 
Hypertonic nutrient solutions should be administered through an 
indwelling intravenous catheter with the tip located in the supe- 
rior vena cava. 
HYPERALIMENTATION COMPLICATIONS: Potentially danger- 
ous complications can be minimized by adherence to a careful 
protocol by an experienced team of pharmacist, nurse, and physi- 
cian. 
To prevent sepsis, rigid aseptic technique must be used in solu- 
tion preparation and catheter placement and care. 
The catheter dressing should be aseptically changed every 2-4 
days and whenever contamination is suspected. 
Consult clinical literature for discussion of management of sepsis 
during hyperalimentation. 
The following metabolic complications have been reported: meta- 
bolic acidosis, hypophosphatemia, alkalosis, hyperglycemia and 
glycosuria, osmotic diuresis and dehydration, rebound hypo- 
glycemia, elevated liver enzymes, and electrolyte imbalances. 
Frequent clinical evaluation and laboratory determinations are 
necessary to prevent or minimize these complications. 
ADVERSE REACTIONS: Rare instances of hyperammonemia (see 
Warnings), and minor local reactions consisting of a warm sen- 
sation and erythema when FreAmine and hypertonic dextrose 
were administered by peripheral vein, have been reported. 
DOSAGE AND ADMINISTRATION: Recommended Dietary Al- 
lowances of protein are approximately 0.9 g. per kilogram of body 
weight for a healthy adult and 1.4 to 2.2 g. per kilogram for 
healthy growing infants and children.** Requirements in trauma 
or malnutrition may be substantially increased. During hyper- 
alimentation daily doses of approximately 1.0 to 1.5 g. per kilo- 
gram of body weight for adults and 2 to 3 g. per kilogram of 
body weight for infants are generally sufficient. 
Calorie-to-nitrogen ratios of at least 100 to 150 nonprotein cal- 
ories per gram of nitrogen have been recommended and may be 
provided by concentrated dextrose. 
Sufficient vitamins, electrolytes, principally potassium, magne- 
sium, and phosphate, as well as sodium, calcium, and chloride, 
must be given. Calcium and phosphate may be added to alternate 
infusate bottles to avoid precipitation, and sodium and potassium 
added as acetate or lactate salts to provide bicarbonate precursor. 
Serum electrolytes must be monitored frequently. 
In adults, hypertonic mixtures may be safely administered only 
by continuous infusion through a central venous catheter with 
the tip located in the vena cava. 500 ml. of 8.5% FreAmine Solu- 
tion, appropriately mixed with dextrose, electrolytes, and vita- 
mins, is typically administered over an eight-hour period. Ad- 
ministration rate is governed by protein requirements and glu- 
cose tolerance. Advance dosage slowly with frequent determina- 
tion of urine and blood sugar levels. 
To prevent rebound hypoglycemia, 5% dextrose should be ad- 
ministered when hypertonic dextrose infusions are abruptly dis- 
continued, 
PEDIATRIC DOSAGE AND ADMINISTRATION: Small infants 
(up to 10 kg.) on total parenteral nutrition generally receive 2 to 
3 g. of protein, 100 calories, and 120 to 150 ml. of fluid per kg. of 
body weight per day, provided in a solution of approximately 
2% FreAmine in 20% dextrose. Advance dosage slowly with 
frequent monitoring. (See Warnings above) 
Large infants and children generally require 50 to 80 calories per 
kg. per day. 
ROUTE: Intravenous. 
CAUTION: Federal (U.S.A.) law prohibits dispensing without 
prescription. 
HOW SUPPLIED: 8.5% FreAmine Solution is supplied sterile and 
nonpyrogenic in 500 ml. intravenous infusion bottles. 
"Crystalline amino acid mixture, isolated and purified from edi- 
ble soybean hydrolysate or synthesized. 
**500 ml. of 8.5% FreAmine Solution contains 6.25 g. of nitro- 
gen, and the equivalent of 39 g. of protein. 


McGAW LABORATORIES 


Division of Americon Hospital Supply Corporation 
Glendole, California + Milledgeville, Georgia 
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Injectable Valruny (diazepam) 
the versatile psychotherapeutic agent 


prior to surgery 


Injectable Valium (diazepam) can of preoperative procedures. 
promptly calm the surgical patient by lessening The recommended dosage is 10 mg, 
the excessive anxiety and undue tension that I.M., administered one to two hours 


may be associated with strange surroundings preoperatively. Injectable Valium (diazepam) 
and disturbing procedures. And it can provide should not be mixed or diluted with other drugs, 
the added advantage of diminishing recall solutions or fluids. 


adjunctively prior to 
gastroscopy and esophagoscopy 


Injectable Valium (diazepam) can and laryngoscopy because of the possibility 
be a valuable adjunct in allaying excessive of increased cough reflex and laryngospasm. 
anxiety when it accompanies such procedures. Necessary countermeasures should be 
It reduces the anxiety, yet allows the immediately available. 
patient to cooperate by responding to Half an hour before gastroscopy or 
commands and following instructions. esophagoscopy, a 5 to 10 mg dose is administered 


It is not recommended for bronchoscopy I.M. or LV: 





prior to cardioversion 


Through relief of undue anxiety and excessive tension, 
Injectable Valium (diazepam) can effectively calm the patient. Mem 
ory of the cardioversion procedure can be markedly diminished. 
Injectable Valium seldom significantly alters vital signs. Nevertheles 
there have been infrequent reports of hypotension and rare reports 
of apnea and cardiac arrest. Resuscitative facilities should be immed 
ately available. 

Five to ten minutes before elective cardioversion, the 
recommended dosage is 5 to 15 mg, injected slowly I.V. (5 mg/min.). 


Injectable 
Valium (diazepam) 


ready-to-use 2-m] 
Tel Ject” 
(disposable syringes) | 
l0-ml vials }5 mgmt. 
2-ml ampuls 


For a summary of product information, please see. x 
the following page. ee, + 
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psychotherapeutic 


Before prescribing, please con- 
sult complete product information, 
a summary of which follows: 

Indications: Tension and anx- 
iety states; somatic complaints 
which are concomitants of emo- 
tional factors; psychoneurotic states 
manifésted by tension, anxiety, ap- 
prehension, fatigue, depressive 
symptoms or agitation; symptomatic 
relief of acute agitation, tremor, de- 
lirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunc- 
tively in: relief of skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by up- 
per motor neuron disorders; atheto- 
sis; stif-man syndrome; tetanus; 
status epilepticus and severe recur- 
rent seizures; anxiety prior to gas- 
troscopy, esophagoscopy, and surgi- 
cal procedures; cardioversion (I.V.). 

Contraindicated: In infants; in 
patients with known hypersensitivity 
to the drug; in acute narrow angle 
glaucoma; may be used in patients 
with open angle glaucoma receiving 
appropriate therapy. 

Warnings: Inject I.V. slowly, 
directly into vein; take at least one 
minute for each 5 mg (1 ml) given. 
Do not mix or dilute with other solu- 
tions or drugs. Do not add to I.V. 
fluids. Rare reports of apnea or car- 
diac arrest noted, usually following 
I.V. administration, especially in 
elderly or very ill and those with 
limited pulmonary reserve; dura- 
tion is brief; resuscitative facilities 
should be available. Not recom- 
mended as sole treatment for psy- 
chotic or severely depressed patients. 
Should not be administered to pa- 
tents in shock, coma, acute alcoholic 


‘intoxication with depression of vital 


.” signs. Caution against hazardous 


occupations requiring complete 
mental alertness. Advise against 
simultaneous ingestion of alcohol 
and other CNS depressants. With- 
drawal symptoms (similar to those 


- with barbiturates and alcohol) have 


E ata abrupt.discon- 


>. 


Injectable Valium (diazepam) 


the versatile 


agent 


tinuance (convulsions, tremor, ab- 
dominal and muscle cramps, vomit- 
ing and sweating). Keep addiction- 
prone individuals under careful 
surveillance because of their pre- 
disposition to habituation and de- 
pendence. In pregnancy, lactation or 
women of childbearing age, weigh 
potential benefit against possible 
hazard to mother and child. 

Precautions: If combined with 
other psychotropics or anticonvul- 
sants, carefully consider individual 
pharmacologic effects—particularly 
with known compounds which may 
potentiate action of Valium 
(diazepam), such as phenothiazines, 
narcotics, barbiturates, MAO in- 
hibitors and other antidepressants. 
Usual precautions indicated in pa- 
tients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precau- 
tions in impaired renal or hepatic 
function. Not recommended for 
bronchoscopy, laryngoscopy, obstet- 
rical use, or in diagnostic pro- 
cedures other than gastroscopy 
and esophagoscopy. Laryngospasm 
and increased cough reflex are pos- 
sible during gastroscopy; necessary 
countermeasures should be avail- 
able. Hypotension or muscular 
weakness possible, particularly when 
used with narcotics, barbiturates or 
alcohol. Since effect with narcotics 
may be additive, appropriate reduc- 
tion in narcotic dosage is possible. 
Use lower doses (2 to 5 mg) for el- 
derly and debilitated. Safety and effi- 
cacy in children under 12 not 
established. 

Side Effects: Drowsiness, fa- 
tigue, ataxia, confusion, depression, 
constipation, dysarthria, diplopia, 
headache, hypoactivity, hiccups, 
hypotension, incontinence, jaundice, 
nausea, changes in libido, changes 
in salivation, phlebitis at injection 
site, urinary retention, skin rash, 
syncope, slurred speech, urticaria, 
tremor, vertigo, blurred vision. Para- 
doxical reactions such as acute hy- 
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perexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances 
and stimulation have been reported; 
should these occur, use of the drug 
should be discontinued. Isolated re- 
ports of neutropenia, jaundice; pe- 
riodic blood counts and liver func- 
tion tests advisable during long-term 
therapy. Minor EEG changes, usu- 
ally low-voltage fast activity, of no 
known significance. 

Dosage: Usual initial adult dose 
is 2 to 10 mg I.M. or I.V., depending 
on indication for use. Lower doses 
(usually 2 to 5 mg) with slow dosage 
increase for elderly or debilitated 
patients and when sedative drugs 
are added. (See Precautions and Ad- 
verse Reactions.) In gastroscopy and 
esophagoscopy, 5 to 10 mg, I.M. or 
I.V., 30 min. prior to procedure. As 
preoperative medication, 10 mg, 
I.M., 1 to 2 hours before surgery. In 
cardioversion, 5 to 15 mg, I.V., within 
5 to 10 min. prior to procedure. Give 
I.V. injections slowly; take at least 1 
minute for each 5 mg (1 ml). 

In acute conditions injection 
may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is 
usually satisfactory; not more than 
30 mg should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium® (diazepam) 
Ampuls, 2 ml, boxes of 10; Vials, 

10 ml, boxes of 1; Tel-E-Ject!™- 
(disposable syringes), 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 40% propylene 
glycol, 10% ethyl alcohol, 5% sodium 
benzoate and benzoic acid as 
buffers, and 1.5% benzyl alcohol as 
preservative. 
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“Wide usage in the hospital — 

Its wide usage ‘the hospital qualifies 
Keflex as a dependable oral antibiotic 
for use in the office. 


Effective in an important range of 
infections 

Keflex is appropriate in a variety of 
infections that are treated in office 
practice: 

Respiratory infections such as 
bronchitis, pneumonia, and 
bronchopneumonia due to susceptible 
strains of Diplococcus pneumoniae 

Urinary tract infections caused by 
susceptible strains of Escherichia coli, 
Proteus mirabilis, or Klebsiella sp. 

_ Skin and soft-tissue infections due to 

susceptible strains of staphylococci, 
including coagulase-positive, coagulase- 
negative, and penicillinase-producing 
strains 


High blood levels, bactericidal 
activity in vitro 

With Keflex, peak serum levels are 
reached in one hour. For example, 
following a single 500-mg. dose, average 
peak serum levels are approximately 

18 mcg. per ml. 

In addition, in-vitro studies 
demonstrate that the cephalosporins 
exhibit bactericidal activity (by 
inhibition of cell-wall synthesis) against 
susceptible organisms. (The in-vivo 
mechanism cannot be determined, of 
course, because no method exists for 
clinical demonstration. ) 


~ Acid stable, rapidly absorbed 
Because Keflex is acid stable, it may be 
given without regard to meals. 
Purthermore, it is rapidly absorbed after 
oral administration. 


A good choice in the office 


There are a host of reasons for 
prescribing Keflex with confidence in the 
office. That’s why it is so often a good 
first choice when indicated. 










Note: Keflex is contraindicated in 
patients with known allergy to 
cephalosporins and should be used with 
great caution in patients allergic to 
penicillin. The most frequent side-effects 
are gastro-intestinal. 








Prescribing Information 

Description: Keflex is a semisynthetic cephalo- 
sporin anfibiotic intended for oral administration. 
It is 7-(D-a-amino-a-phenylacetamido)-3-methy]- 
3-cephem-4-carboxylic acid, monohydrate. 
Actions: Human Pharmacology—Keflex is acid 
stable and may be given without regard to meals. 
It is rapidly absorbed after oral administration. 
Following doses of 250 and 500 mg., average peak 
serum levels of approximately 9 and 18 mcg. per 
ml. respectively were obtained at one hour. Meas- 
urable levels were present six hours after admin- 
istration. Over 90 percent of the drug is excreted 
unchanged in the urine within eight hours. Peak 
urine concentrations are approximately 1,000 mcg. 
per ml. during this period following a 250-mg. 
dose. 

Microbiology—In-vitro tests demonstrate that 
the cephalosporins are bactericidal because of 
their inhibition of cell-wall synthesis. Keflex is 
active against the following organisms in vitro: 

Beta-hemolytic streptococci/Staphylococci, in- 

cluding coagulase-positive, coagulase-negative, 

and penicillinase-producing strains/Diplococcus 
pneumoniae/Escherichia coli/Proteus mirabilis/ 

Klebsiella sp. 

Note—Most strains of enterococci (Streptococ- 
cus faecalis) and a few strains of staphylococci are 

resistant to Keflex. It is not active against most 
strains of Enterobacter sp., Pr. morganii, and Pr. 
vulgaris. It has no activity against Pseudomonas 
or Herellea species. When tested by in-vitro 
methods, staphylococci exhibit cross-resistance 
between Keflex and methicillin-type antibiotics. 
Indications: Keflex is indicated for the treatment 
of the following infections when caused by suscep- 
tible strains of the designated micro-organisms: 

Respiratory tract infections caused by D. pneu- 

moniae and group A beta-hemolytic strepto- 
cocci (Penicillin is the usual drug of choice in 
the treatment and prevention of streptococcal 
infections, including the prophylaxis of rheu- 
matic fever. Keflex is generally effective in the 
eradication of streptococci from the naso- 
pharynx; however, substantial data establish- 
ing the efficacy of Keflex in the subsequent 
prevention of rheumatic fever are not avail- 
able at present.) 

Skin and soft-tissue infections caused by 

staphylococci and/or streptococci 

Genito-urinary tract infections, including acute 

prostatitis, caused by Esch. coli, Pr. mirabilis, 
and Klebsiella sp. 

Note—Culture and susceptibility tests should be 

initiated prior to and during therapy. Renal func- 
tion studies should be performed when indicated. 
Contraindication: Keflex is contraindicated in 
patients with known allergy to the cephalosporin 
group of antibiotics. 
Warnings: IN PENICILLIN-ALLERGIC PATIENTS, 
CEPHALOSPORIN C DERIVATIVES SHOULD BE USED 
WITH GREAT CAUTION. THERE IS CLINICAL AND 
LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS, AND THERE ARE INSTANCES 
OF PATIENTS WHO HAVE HAD REACTIONS TO 
BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS 
AFTER PARENTERAL USE) 

Any patient who has demonstrated some form 
of allergy, particularly to drugs, should receive 
antibiotics cautiously and then only when abso- 
lutely necessary. No exception should be made 
with regard to Keflex. 
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cephalexin monohydrate 
so often a good first choice 


Additional information available to the profession on rdguest. n 
Eli Lilly and Company e Indianapolis, Indiana 46206 pa 
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Usage in Pregnancy —Safety of this product fc 
use during pregnancy has not been establighed? 
Precautions: Patients should be followé@#@apeftill 
so that any side-effects or unusual manife#atior 
of drug idiosyncrasy may be detected. If an allerg 
reaction to Keflex occurs, the drug should be ‘di 
continued and the patient treated with the usu 
agents (e.g., epinephrine, antihistamines, press 
amines, or corticosteroids). 

Prolonged use of Keflex m&¥ result in the ove 
growth of nonsusceptible organisms. Careful ol 
servation of the patient is essential. If superinfe 
tion occurs during therapy, appropriate measur 
should be taken. 

Positive direct Coombs tests havé been reporte 
during treatment with the cephalosporin ant 
biotics. In hematologic studies or in transfusio 
cross-matching procedures when antiglobuli 
tests are performed on the minor side or i 
Coombs testing of newborns whose mothers hav 
received cephalosporin antibiotics before partur 
tion, it should be recognized that a positiv 
Coombs test may be due to the drug. 

Keflex should be administered with caution i 
the presence of markedly impaired renal functio1 
Under such conditions, careful clinical observatio 
and laboratory studies should be made becau: 
safe dosage may be lower than that usually recon 
mended. 

Indicated surgical procedures should be pe 
formed in conjunction with antibiotic therapy. 

As a result of administration of Keflex, a fals« 

positive reaction for glucose in the’ urine ma 
occur. This has been observed with Benedict's an 
Fehling’s solutions and also with Clinitest® tablet 
but not with Tes-Tape (urine sugar analys 
paper, Lilly). 
Adverse Reactions: Gastro-Intestinal—The mo: 
frequent side-effect has been diarrhea. It was ver 
rarely severe enough to warrant cessation of the 
apy. Nausea, vomiting, dyspepsia, and abdominz 
pain have also occurred. 

Hypersensitivity — Allergies (in the form of rast 
urticaria, and angioedema) have been observec 
These reactions usually subsided upon discontint 
ation of the drug. 

Other reactions have included genital and ani 
pruritus, genital moniliasis, vaginitis and vagini 
discharge, dizziness, fatigue, and headache. Eosir 
ophilia, neutropenia, and slight elevations i 
SGOT and SGPT have been reported. 
Administration and Dosage: Keflex is adminis 
tered orally. The adult dosage ranges from 1 to. 
Gm. daily in divided doses. The usual adult dos 
is 250 mg. every six hours. For more severe infec 
tions or those caused by less susceptible organ 
isms, larger doses may be needed. If daily doses o 
Keflex greater than 4 Gm. are required, parentera 
cephalosporins, in appropriate doses, should b 
considered. 

The recommended daily dosage for children i 
25 to SO mg. per Kg. divided into four doses. 

In severe infections, the dosage may be doubled 

In the treatment of beta-hemolytic streptococca 
infections, a therapeutic dosage of Keflex shoul: 
be administered for at least ten days. 

How Supplied: Pulvules” Keflex® (cephalexi 
monohydrate, Lilly), equivalént to 250 or 500 mg 
cephalexin, in bottles of 24 and 100 and in Identi 
Dose * (unit dose medication, Lilly) in boxes of 100 

Keflex, for Oral Suspension, equivalent to 12! 
mg. cephalexin per 5-ml. teaspoonful, in 60 anı 
100-ml.-size packages and in Identi-Dose in pack 
ages of 100. 

Keflex, for Pediatric Drops, equivalent to 10 
mg. cephalexin per ml. (5 mg. per drop), in 10-ml. 
size packages, with dropper calibrated at 25 anc 
50 mg. 
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When parenteral analgesia 

is no longer required, 
Empirin Compound with 
Codeine usually provides the . 
relief needed. 





i Sutures 





“Smapirin Compound with 
‘Codeine is effective for 
visceral as well as soft tissue 
pain—provides an antitussive 
bonus in addition to its 
prompt, predictable 
analgesia. 


ill prescribing convenience: 
up to 5 refills in6months, 
at your discretion (unless 
- restricted by state law); by 


telephone order in many states. 


Empirin Compound with 

Codeine No. 3, codeine 

pas phata 32.4 mg. (gr. y2); 
0:4, codeine phosphate* 
Ar me (gr. 1).*Warning— 

‘ay be habit. forming. Each 

tablet also contains: aspirin 

gr.-3¥2, phenacetin gr. 212, 


caffeine gr. 1⁄2. 
Burroughś Wellcome Co. 


PR „ | Research Triangle Park 
oe ae Carolina 27709 
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#3, codeine phosphate* (32.4 mg.) 
#4, codeine phosphate* (64.8 mg.) an 







